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1.0  INTRODUCTION 


This  Guide  is  intended  to  provide  the  On-Scene  Coordinator  (OSC) 
with  information  and  guidance  useful  in  developing  action  plans  and 
contingency  plans  for  conducting  oil  pollution  response  operations  in 
open  water.  The  Guide  considers  two  general  categories  of  response 
operations  at  sea: 

1.  Prevention  of  (further)  spillage  from  tanker  and  other 
vessel  casualties. 

2.  Oil  Spill  mitigation  and  cleanup. 

The  following  types  of  information  are  presented  in  the 
guide : 

1.  Outlines  for  Action  Plans. 

2.  Planning  guidance. 

3.  Requirements  for  initial  casualty  assessment. 

4.  Roles  of  ship's  Master,  Salvor,  other  key  personnel. 

5.  Description  of  response  system  and  equipment  options. 

6.  Data  needs  for  use  in  selecting  appropriate  response 
approach. 

7.  Selection  criteria  for  deciding  between  alternative 
response  approaches. 

8.  Checklists  for  various  types  of  the  response  operations. 

9.  Sources  for  additional  information. 

Background  is  provided  on  state-of-the-art  (SOA)  techniques 
and  systems  that  can  be  employed  in  pollution  response  situations. 
This  document  also  provides  a  decision-making  guide  in  certain 
cases  for  selecting  the  preferred  approach  in  view  of  the  sea  state, 
casualty  parameters,  and  other  environmental  conditions.  The 
examples  given  and  the  criteria  stated  may  be  combinations  of 
parameters  that  may  be  encountered  in  actual  operations.  Therefore, 
the  action  of  the  OSC  must  be  based  on  the  actual  conditions  that 
exist,  or  that  are  expected  to  exist  within  the  time  frame  of  the 
response  operation. 
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Likewise,  no  hard  and  fast  rules  exist  on  how  to  deploy 
and  operate  the  various  systems  discussed.  In  many  cases  the 
details  of  the  possible  system  components  are  unknown  at  this  time 
(tow  vessels,  receiving  and  other  containers,  mooring  systems, 
etc.),  and  procedures  for  integrating  the  components  into 
efficient  systems  have  not  been  developed.  The  OSC  must  determine 
what  is  available  to  him  in  the  event  of  an  emergency,  and  probably 
develop  some  of  his  own  methods  for  using  them.  The  Strike  Teams 
and  the  U.S.  Navy  Supervisor  of  Salvage  (SUPSALV)  can  be  valuable 
in  assisting  the  OSC  in  this  area,  and  practice  operations  should 
be  undertaken  whenever  possible.  Cleanup  contractors  in  some 
cases,  as  well  as  operators  of  nearby  Navy  oil  spill  cleanup  equip¬ 
ment,  can  also  be  helpful  in  establishing  satisfactory  procedures. 

Although  this  Guide  summarizes  many  of  the  considerations  in 
responding  to  real  or  potential  oil  spill  incidents,  it  will  not 
ensure  the  OSC  of  making  the  correct  response  decision  in  all 
cases.  This  Guide  does  not  provide  a  cookbook  approach  to  handling 
a  pollution  incident,  and  it  is  not  a  handbook  of  pollution  response 
details  to  pull  out  and  use  only  when  an  incident  occurs.  It  will 
be  most  valuable  as  a  planning  tool,  presenting  items  that  an  OSC 
should  consider  in  the  event  of  an  incident,  and  general  approaches 
to  planning  operations  and  making  basic  decisions.  Many  of  these 
decisions  should  also  incorporate  the  advice  of  other  people,  such 
as  salvors,  equipment  operators,  EPA  and  other  government 
regulatory' officials ,  Strike  Team  members,  and  other  pollution 
experts . 

As  new  response  systems  become  available,  this  Guide 
should  be  updated  to  include  discussions  of  these  systems,  and  an 
effort  should  be  made  to  evaluate  their  sea  state  and  weather 
capabilities  with  respect  to  existing  systems.  New  information  on 
the  capabilities  of  existing  systems  should  also  be  factored  into 
periodic  updatings.  Unfortunately,  operating  or  test  data  are 
lacking  or  are  subject  to  various  interpretations  in  many  of  the 
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existing  approaches  considered,  and  therefore,  the  extremes  in  the 
system  capabilities  discussed  in  this  Guide  represent  more  engi¬ 
neering  and  operational  judgments  than  actual  operating  experience. 
Realistic  appraisals  of  system  performance,  on  the  part  of  the  users 
and  developers  or  manufacturers,  will  be  to  everyone's  benefit  in 
oil  pollution  response  planning  and  operation. 
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This  section  deals  with  general  considerations  in 
planning  for  an  open-water,  high-sea-state  oil  pollution 
response  operation,  whether  it  be  an  actual  spill,  or  a 
potential  spill  involving  a  stricken  oil  carrier.  Topics 
covered  include: 


2.1  Action  Plans 


Plans  to  deal  with  spills  or  potential  spills  at  specific 
locations  within  the  OSC's  area  of  responsibility  should  be 
included  in  local  contingency  plans  as  directed  by  COMDTINST 
16465.10.  These  Action  Plans  should  anticipate  the  probable  types 
of  incidents  and  the  areas  that  should  be  protected  in  the  event 
of  a  spill.  They  should  also  outline  the  steps  that  should  be 
taken  to  combat  a  hypothetical  spill  at  this  location. 


The  purpose  of  Action  Plans  is  to  minimize  the  delays  involved 
in  planning  and  executing  control  and  cleanup  operations  when  an 
accident  does  occur.  Although  no  individual  plan  can  hope  to 
anticipate  all  aspects  of  a  situation,  by  careful  examination  of 
prevailing  environmental  conditions  (by  season) ,  location  of 
environmentally  sensitive  areas,  and  examination  of  potential 
accident  sites,  much  can  be  done  to  increase  the  probability  of 
achieving  a  successful  response  with  minimal  time  delay. 

No  format  is  specified  for  Action  Plans,  although  several 
types  of  information  should  be  included,  and  some  common  procedures 
can  be  practiced.  An  example  of  the  information  types  and  common 
procedures  that  can  be  included  in  an  Action  Plan  is  given  in 
Table  2.1.  To  avoid  unnecessary  duplication,  specific  Action 


TABLE  2.1 

ACTION  PLAN  GUIDELINES 

1.  Region  covered  by  specific  plan 

2.  Type(s)  of  pollution  incidents  covered  in  this  plan 

a.  Passive  responses  likely  to  be  required  (booming  of 
sensitive  areas,  booming  around  stricken  vessel, 
booming  around  shoreside  discharge  point,  etc.) 

b.  Active  responses  likely  to  be  required  (skimming, 
beach  cleanup  for  un-boomed  areas,  casualty  vessel 
off-loading,  etc.) 

3.  Location (s)  of  pollution  incident  -  likely  accident  areas, 
etc. 

4.  Sensitive  areas  requiring  protection  -  primary,  secondary. 

5.  Prevailing  environmental  conditions  (by  season  -  winds, 
currents,  etc.)  at  all  locations  of  interest. 

6.  Probable  effects  on  sensitive  areas  from  accidents  at 
specific  locations  -  matrix  format  (resource  location  vs. 
accident  location,  for  various  seasons  if  significant,  and 
for  various  accident  types  or  magnitudes) .  Based  on  probable 
combinations  of  accidents  and  sensitive  area  locations,  estimate 

a.  Time  available  to  establish  protection  of  sensitive 
areas 

b.  Most  effective  command  post  locations  -  primary,  secondary 

c.  Equipment  and  personnel  needs 

d.  Location  of  nearest  sources  of  required  containment/control 
equipment,  boats,  and  personnel  (including  commercial  and 
other  governmental  sources) 

e.  Location  of  most  suitable  mobilization  and  deployment  sites 

f.  Tentative  booming  plans  for  initial  protection  of  sensitive 
areas 

7.  Initial  response  procedures 

a.  Upon  notification  of  an  actual  or  impending  casualty: 

•  Make  required  notifications  and  establish  lines  of 
communications  (see  local  contingency  plans  -  include 
polluter,  owner,  etc.) 

*  Make  on-site  assessment  of  the  situation  -  utilize 
consultants,  if  necessary. 

•  Prepare  to  assume  command  of  the  incident 

*  Commence  monitoring  the  situation 

b.  If  command  of  the  incident  is  assumed  (or  is  imminent) 
the  following  steps  should  be  taken;  not  necessarily  in 
this  order: 
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TABLE  2.1  (Continued) 


•  Review  status  of  personnel,  equipment,  and  systems 
available  to  be  deployed  to  the  scene  (military  and 
commercial) . 

•  Review  alternative  courses  of  action  based  on 
continuing  assessment  and  preplanned  responses. 

•  Make  decision  on  course  of  action,  including  location 
of  command  post,  mobilization/deployment  sites,  and 
initial  allocation  of  response  resources . 

Upon  selecting  the  course  of  action  to  be  taken,  perform 

the  following  actions,  not  necessarily  in  this  order: 

•  Mobilize  and  deploy  government  and  contractor  equipment. 

•  Arrange  for  emergency  charters  of  appropriate  floating 
plant  (barges,  tugs,  etc.) ,  aircraft,  etc. 

•  Establish  a  command  post  to  include  the  functions  called 
for  in  the  local  contingency  plans  and  pollution  response 
bill. 

•  Prepare  and  carry  out  operations  orders,  as  required. 

•  Perform  other  functions,  as  necessary. 


Plans  should  minimize  the  amount  of  information  already  contained 
in  local  Contingency  Plans.  See  enclosure  (14)  to  COMDTINST 
16465.10  ,for  guidance  in  developing  the  inputs  to  Action  Plans. 

Both  "active"  and  "passive"  responses  should  be  included  in 
Action  Plans.  "Active  responses"  are  defined  as  those  in  which  an 
effort  is  made  to  remove  the  pollutant  from  the  environment  before 
it  reaches  sensitive  areas.  "Passive  responses"  are  defined  as  those 
in  which  a  sensitive  area  is  protected  from  pollution  damage  by 
booming  off  the  area.  Obviously,  in  the  presence  of  a  spill  both 
types  of  action  may  be  required.  Active  responses  may  involve 
booming  to  contain  the  spread  of  oil  and  aid  in  skimming  before 
shore  areas  are  affected.  Active  responses  for  slick  control  may 
also  include  slick  dispersion,  in-situ  burning,  and  other  techniques 
discussed  in  Section  4  of  this  Guide.  An  active  response  that  is 
not  discussed  is  beach  cleanup,  where  existing  methods  involving 
intensive  manual  labor  must  be  applied. 

In  the  event  of  a  vessel  casualty,  where  there  is  a  potential 
for  stopping  or  preventing  spillage,  active  responses  may  involve 
pumping  the  cargo  or  bunkers  to  other  tanks  or  another  vessel, 
jettisoning  cargo  (to  save  the  bulk  of  the  cargo  from  spilling) , 
or  other  techniques  to  be  discussed  in  Section  3.  In  this  case, 
a  passive  response  may  involve  booming  around  the  casualty  to 
contain  any  oil  spilled  during  transfer  operations.  . 

Most  elements  of  Action  Plans  will  depend  on  the  local 
situation  and  conditions,  and  on  the  equipment  locally  available. 
However,  where  major  pollution  incidents  are  possible,  such  as  in 
areas  of  open  water  and  heavy  tanker  or  barge  traffic,  and/or  where 
extreme  weather  conditions  exist,  plans  should  reach  beyond  local 
sources  to  include  Strike  Teams ,  Navy  Supervisor  of  Salvage  (SUPSALV) , 
and  commercial  operators  of  specialized  equipment.  One  of  the  purposes 
of  this  Guide  is  to  provide  background  information  on  the  types 
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of  response  approaches  and  equipment  that  may  be  considered  for 
emergency  use,  especially  in  extreme  weather,  but  which  may  not  be 
available  locally. 

Where  it  is  feasible.  Action  Plans  should  include  Time  Plans 
(See  Section  2.3)  that  indicate  the  scheduling  problems,  key 
events,  and  potential  bottlenecks  that  can  occur  in  carrying  out 
a  response  operation.  Time  Plans,  when  compared  with  the  time 
available  to  respond  (before  severe  damage  is  done) ,  will  help  to 
determine  whether  or  not  a  particular  response  method  is  worth 
using  in  the  case  at  hand.  Example  Time  Plans  are  presented  for 
several  response  approaches  in  Sections  3  and  4 . 

Checklists  will  also  be  valuable  in  ensuring  preparedness 
for  utilizing  a  particular  approach.  These  lists  indicate  the 
important  information  that  must  be  on  hand  or  quickly  obtainable 
before  decisions  are  made,  the  equipment  selections  that  have  to 
be  made,  sub-plans  for  carrying  out  specific  operations  within 
the  scope  of  the  overall  response  method,  and  contingency  plans 
in  case  of  failure  of  the  principal  approach. 

2.2  Effect  of  Weather  on  General  Pollution  Response  Operations 

Bad  weather  can  halt  or  delay  any  type  of  response  operation. 

In  the  case  of  small  spills  the  failure  of  a  response  operation 
because  of  bad  weather  can  usually  be  tolerated  if  the  ensuing 
cleanup  operation  is  hot  too  difficult.  Where  spills  are  large, 
or  potentially  large,  the  effects  of  bad  weather  can  be  far  more 
serious,  and  the  problems  of  dealing  with  or  working  around  the 
weather  should  be  given  special  attention.  Providing  guidance  for 
dealing  with  the  weather  problem  is  one  of  the  aims  of  this  Guide. 

Generally,  the  most  difficult  problem  imposed  by  bad  weather  is 
the  wave  conditions  (Sea  State)  generated  in  open  water.  High  waves 
will  make  most  boom  and  skimming  devices  ineffective.  Waves  and 
wind  can  cause  difficulty  in  off-loading  casualty  vessels,  as  well 
as  threatening  the  remaining  integrity  of  the  casualty.  Sea  states, 
for  purposes  of  this  Guide,  are  defined  by  significant  wave  height 
(H1/3)  ran9es t  as  shown  in  Table  2.2,  for  fully-developed,  wind- 
driven  seas  (see  also  Reference  2) .  The  term  "extreme  weather"  will 
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be  used  to  refer  to  Sea  State  4  and  above.  Other  aspects  of  bad 
weather,  such  as  cold,  precipitation,  wind,  etc.,  can  also  reduce 
the  effectiveness  of  pollution  responses,  but  these  can  usually 
be  dealt  with  in  conventional  ways  not  unique  to  open  water 
situations. 

TABLE  2.2.  SIGNIFICANT  WAVE  HEIGHT  RANGES  FOR 
VARIOUS  SEA  STATES 


Sea  State 

0 

1 

2 

3 

4 

5 

6 


In  extended  operations  where  the  weather  could  be  a  problem, 
the  equipment  selected  for  use  in  response  operations  should  be 
capable  of  operating,  or  at  least  surviving,  in  the  sea  conditions 
anticipated.  In  an  actual  response  operation,  updated  local 
weather  forecasts  should  be  obtained  continuously.  Navy  meteorolo¬ 
gists  and  the  National  Weather  Service  can  provide  this  information. 
The  OSC  may  access  information  from  Navy  meteorologists  via  the 
Regional  Response  Team.  Private  (commercial)  weather  forecasting 
services  can  also  be  utilized.  For  planning  purposes,  statistical 
information  is  available  on  the  persistence  of  favorable  or 
unfavorable  seas  at  various  points  along  the  U.S.  coastline. ^ 

The  operating  limits  for  equipment  and  systems  are  estimated  in 
later  sections. 

2.3  Time  Plans 

The  Time  Plans  referred  to  in  Section  2.1  can  be  prepared  as 
time-line  diagrams  similar  to  Critical  Path  Method  (CPM)  or  PERT 
charts.  Examples  are  shown  throughout  the  Guide  for  specific 
response  methods. 


Although  other  methods  of  estimating  response  time  requirements 
can  be  used,  the  time-line  approach  has  several  advantages: 

a.  The  interrelationship  of  all  of  the  significant  steps 
in.  performing  the  response  can  be  shown. 

b.  Steps  that  must  be  completed  before  subsequent  steps 
can  be  taken  are  indicated. 

c.  After  the  estimated  times  to  complete  the  steps  are 
placed  on  the  diagram,  a  "critical  path"  can  be  mapped, 
indicating  the  sequence  that  requires  the  greatest 
total  time  to  complete  the  response.  Ways  to 

reduce  the  time  requirements  along  the  critical  path 
steps  can  then  be  investigated.  (Note:  The  length  of 
the  step  line  or  its  location  on  the  page  has  no 
significance .) 

d.  Changes  in  the  critical  path  can  be  determined 

if  variations  or  ranges  for  the  time  estimate  for  various 
steps  are  assumed. 

e.  Any  degree  of  complexity  can  be  used  in  the  diagram. 

However,  because  of  the  number  of  variables 
involved  in  a  typical  response  operation,  a  relatively 
simple  diagram  is  recommended  for  planning  purposes, 
showing  only  the  major  steps. 

f.  Progress  during  an  actual  operation  can  be 
monitored  with  the  aid  of  this  type  of  time  plan. 

The  Time  Plan  examples  shown  in  the  response  examples  are 
based  on  a  representative  scenario,  which  is  described  in  Table  2.3. 
The  times  shown  are  only  rough  estimates.  For  example,  if  tugs  and 
barges  are  readily  available  near  the  site  of  an  anticipated 
casualty,  a  relatively  short  response  time  could  be  utilized, 
based  on  actual  estimates  by  the  owner/operator.  Sequences  of 
events  and  special  approaches  should  also  be  based  on  what  the 
OSC  determines  will  function  best  in  his  area  of  responsibility. 


2. 4  Initial  Assessment  of  Casualty  Situation 

A  rapid  and  thorough  assessment  of  the  casualty  situation 
or  spill  is  necessary  in  order  to  aid  in  initial  decision  making. 
The  assessment  should  generally  include  determination  of  the 
casualty  type,  casualty  vessel  characteristics,  oil  character¬ 
istics  (cargo  data) ,  damage  estimate,  and  environmental  data. 
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TABLE  2.3 


SCENARIOS  FOR  EXAMPLE  TIME  PLAN  DIAGRAMS 


For  a  grounded  tanker  that  is  leaking  oil: 

1.  Oil  Viscosity:  Medium  crude  -  30  cs  (0.87  s.g.) 

2.  Sea  Conditions:  Operate:  19  knot  wind,  =  6.9  ft. 

Survive:  29  knot  wind,  H =  15.7  ft. 

3.  Oil  Quantity:  100,000-DWT  Tanker 

4.  Other  Casualty  Features: 

.  Location:  25  miles  offshore,  50  miles  from  nearest 
staging  area,  200  miles  from  nearest  major  supply 
center. 

.  Vessel  grounded  -  holed  and  leaking  -  speed  at  grounding 
approx.  8  knots. 

.  Vessel  power  systems  inoperative 

.  List  10° 

.  Trim  negligible 

5.  Oil  leakage  Rate:  1000  gpm  average  outflow  rate 

6.  Slick  features: 

.  At  1  mile  from  source:  thin  slick,  2000  ft.  wide,  with 
thickness  0.03mm;  400  ft.  wide  windrow  in  center  of  slick, 
containing  elongated  oil  pancakes  5mm  thick  and  100x200  ft. 
in  area  (90%  of  oil) . 

.  Wind/wave  driven  slick  velocity  0.7  kts ,  in  addition  to 
tidal  current  of  2  kts.  max. 

7.  Other  Environmental  Features; 

.  Diurnal  tidal  current  of  2  kts  maximum 

.  Tide  range  is  3  ft. 

.  Sea  Temperature  4°C 

.  Air  Temperature  0°C 

.  Intermittent  precipitation 

.  Minimal  debris  present 
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This  information  will  be  useful  to  the  salvor  as  well  as  the  OSC 

and  his  staff.  The  information  must  be  collected  and  reported 

rapidly  and  accurately.  Some  information  can  be  obtained  through 

( 8) 

a  phone  patch  with  the  ship's  Master,  but  the  fullest  informa¬ 
tion  cannot  be  obtained  this  way. 

Response  personnel  conducting  the  assessment  should  be 
throughly  trained  in  the  techniques  required.  Several  types  of 
personnel  may  be  called  upon  to  perform  this  function,  such  as: 

•  Officer  from  the  Marine  Safety  Office  (MSO)  or  the 
Captain  of  the  Port  (COTP) ,  delivered  by  helicopter. 

This  person  is  likely  to  be  the  first  person  on  board 
the  stricken  vessel,  other  than  the  ship's  Master  and 
crew. 

•  A  knowledgeable  MSO/Marine  Inspection  Office  (MIO) 
inspector.  This  person  should  be  immediately  dispatched 
to  the  casualty  even  though  intervention  has  not  taken 
place. 

•  Strike  Team  personnel.  However,  to  wait  for  a  Strike 
Team  may  take  too  long. 

•  Search  and  Rescue  (SAR)  vessel  Damage  Control  Officer. 
Such  a  vessel  may  not  be  nearby,  however. 

Table  2.4  presents  a  listing  of  assessment  items  that  could 
be  important  in  a  casualty  situation.  Not  every  item  would  be 
significant  in  every  likely  response  approach;  however,  having 
all  of  the  information  available  will  aid  in  evaluating  alterna¬ 
tive  responses.  The  information  should  be  relayed  to  the  OSC 
as  it  is  developed.  As  the  casualty  situation  changes,  either 
because  of  changing  environmental  conditions  or  through 
progression  of  the  response  operation,  the  situation  should  be 
reassessed,  and  updated  information  should  be  relayed  to  the  OSC. 

2 . 5  Other  Information  Sources 

Each  casualty  situation  can  be  expected  to  differ  in  some 
way  from  any  others,  and  the  OSC  will  probably  require  outside 
assistance  in  dealing  with  a  potential  vessel  spill  situation. 
Some  of  the  more  important  inputs  to  come  from  outside  the  Coast 
Guard  chain  of  command  will  include: 
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calculations 

Tank  capacities  as  function  of  Estimating  losses  Ship's  data 

trlm/Hst  and  depth  or  ullage _ _ 


TABLE  2.4.  (Cont'd) 


or  otherwise)  approach  required  weather.  Diver  inspection 

probably  required. 

Orientation  of  ship  (heading  Planning  salvage-type  Direct  observations  Ship  can  change  position 

with  respect  to  compass,  operations 

seas,  winds,  current)  _ 


*  Ship's  Master  and  owner 

*  Salvor 

•  Owners  and  operators  of  commercial  or  other  government 
response  equipment 

Ship's  Master  and  owner;  The  ship's  Master  and  owner  are  the 
most  knowledgeable  parties  regarding  the  vessel’s  cargo,  equipment, 
and  current  condition.  Thus,  the  OSC  should  pay  particular 
attention  to  their  recommendations  and  encourage  the  Master's 
direct  participation  in  the  casualty  response.  However,  should 
the  Master  and  the  OSC  disagree  on  a  course  of  action,  and  if 
there  is  an  imminent  threat  of  a  major  pollution  incident  as  a 
result  of  the  casualty,  the  OSC  may  override  the  objections  of  the 
Master  under  authority  of  the  Intervention  on  the  High  Seas  Act 
(33  USC  1476)  and  the  Clean  Water  Act  Amendments  of  1977,  section 
311(c)  (33  USC  1321).  Final  authority  for  action  under  the 
Intervention  on  the  High  Seas  Act  is  retained  by  the  Commandant. 
Guidance  on  the  use  of  the  Act  may  be  found  in  COMDTINST  16453.1. 

The  Master  and  crew  are  invaluable  sources  of  information  in 
a  vessel-related  incident,  by  virtue  of  the  following: 

•  They  are  intimately  familiar  with  the  layout  and  working 
of  the  vessel. 

*  They  should  know  what  the  events  were  leading  to  the 
casualty,  and  what  actions  have  been  taken  up  to  the 
present. 

•  They  can  be  helpful  in  developing  additional  data  needed 
for  planning  the  pollution  response  and/or  salvage 
operations . 

*  The  Master  has  access  to  the  ship's  plans  and  data 
carried  on  board.  Also,  all  of  the  cargo  information 
is  accessible  to  him. 

•  The  crew  can  have  initiated  response  operations,  such 
as  transferring  cargo,  etc.,  before  anyone  else  has 
gotten  involved. 

Many  subsequent  response  operations  can  be  performed 
by,  or  with  the  assistance  of,  the  crew,  such  as 
operating  the  ship's  pumps'  and  systems,  etc. 

One  problem  in  dealing  with  the  Master  or  crew  is  the 
language  barrier,  which,  with  foreign  crews,  can  result  in  real 
communications  problems.  Further  information  on  the  ship's  Master's 
role  during  an  accident  at  sea  can  be  found  in  Reference  8. 


Salvor :  By  the  term  "salvor"  is  meant  any  and  all  people 
with  special  knowledge  and  skills  in  the  field  of  ship  salvage 
and  rescue  towing.  It  is  sometimes  said  that  "Ship  Masters  are 
trained  in  che  business  of  keeping  vessels  off  the  rocks;  salvors 
in  the  business  of  getting  vessels  off  the  rocks."  There  is  a 
great  deal  of  truth  in  this  saying  and  one  will  be  wise  to  keep 
it  in  mind.  Few  ship  masters  have  any  experience  at  all  in  ship 
salvaging  techniques. 

"Salvors"  in  the  broad  sense  of  the  term  may  include  surveyors 
(though  not  all  surveyors  are  salvage-experienced)  from  U.S. 

Salvage  Association  or  the  Salvage  Association  of  London; 
specialist  salvage  consultants  who  may  be  dispatched  by  under¬ 
writers  or  owners  to  survey  the  situation;  employees  of  the  salvage 
company  with  whom  the  Ship's  Master,  the  owners  or  underwriters 
or  the  Coast  Guard  have  contracted  to  attend  to  the  situation  at 
hand;  or  to  representatives  of  the  Navy's  Supervisor  of  Salvage 
or  from  the  Fleet's  Salvage  Forces. 

Two  general  types  of  information  may  be  available  from  salvors- 
that  which  can  best  be  described  as  "operational"  or  "special 
seamanship";  and  that  which  is  primarily  "special  engineering" 
dealing  with  damaged  stability,  residual  hull  strength,  ground 
reaction  and  the  like. 

In  general,  two  types  of  specialists  are  needed  to  provide  the 
full  spectrum  of  this  information:  the  Salvage  Master  and  the 
Salvage  Engineer.  A  special  caution  is  appropriate  towards 
evaluating  these  information  sources:  just  as  the  Ship's  Master 
handles  "normal  seamanship , "  the  Salvage  Master  handles 
"distressed  seamanship."  Likewise,  the  average  naval  architect/ 
naval  engineer  is  seldom  expert  or  pre-trained  to  handle  damaged 
or  distressed  ship  stability  and  structural  matters;  this  is  the 
realm  of  the  Salvage  Engineer.  Rarely  is  the  same  person  to  be 
relied  on  for  expert  advice  in  both'  these  general  areas. 

While  it  is  a  truism  that  no  two  salvage  incidents  are  alike 
and  that  the  usual  salvage  operation  is  ad  hoc  in  nature,  it  will 
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nonetheless  in  many  cases  be  found  that  salvors  have  previously 
had  to  cope  with  similar  exercises.  The  experience  factors 
which  they  bring  to  the  effort  can  be  vital  in  either  saving  the 
distressed  vessel  or  in  mitigating  pollution.  Of  particular 
note  is  the  growing  trend  for  tanker  companies,  and  particularly 
owners/operators  of  vessels  which  carry  hazardous  cargoes  (such 
as  LNG;  anhydrous  ammonia,  etc.),  to  have  prepared  special 
contingency  plans  wherein  actual  salvage  situations  have  been 
postulated  and  pre-gamed.  These  contingency  plans  often  include 
salvors  who  have  been  a  part  of  the  pre-gaming  and,  hence,  are  well 
"up  on  the  step"  as  regards  working  out  the  problems — both 
operational  and  engineering — involved  in  the  particular  distress 
situation;  that  is,  in  making  the  salvage/pollution  control 
exercise  less  ad  hoc  than  it  might  otherwise  have  to  be. 

Salvors  may  be  able  to  supply  information  such  as  the 
following: 

•  Availability  of  salvage  tugs,  mooring  support  craft, 
lighters  or  other  floating  plant  which  may  be  required 
to  commence  the  salvage  job. 

•  Availability  of  fire  fighting  personnel  and  equipment, 
as  well  as  pollution  control  equipment  and  people. 

•  Local  weather  and  sea  conditions  including  tide,  current 
anomalies  and  sea  bottom  conditions  as  they  relate  to 
scouring  and  to  anchor  holding. 

•  Evaluatipn  of  time  factors  to  bring  into  play  salvage 
forces  for  lightening,  extraction  from  strand  or  other 
"real-time"  evolutions. 

•  Analysis  of  damage  state  of  ship  and  evaluations  of 
time-criticality  of  the  situation  as  it  may  relate  to 
jettisoning  cargo;  placing  out  moorings,  ballasting 
down,  emergency  use  of  engines,  etc. 

•  Emergency  Damage  Control  measures. 

•  Analysis  of  hull  girder  strength  and  likelihood  of  ship 
breaking  up. 

•  Various  options  as  to  means  to  salvage  —  along  with 

forces  required,  engineering  needed,  and  chances  of 
success.  _____ 

•  Safety  aspects  of  the  situation. 

_  „  -  ) 
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Equipment  Ovmers/Operators ;  Owners/operators  of  response 
equipment  can  provide  useful  information  in  the  contingency  plan¬ 
ning  stages  and  during  operations.  Information  from  these  sources 
can  usually  be  obtained  in  the  areas  of: 

.  Equipment  (pumps,  salvage  gear,  etc.) 

.  Capacities  and  limitations 
.  Size/weight 

.  Handling  provisions  (helicopter  deployable,  etc.) 

.  Availability  (location,  quantity  on  hand,  time  for 
delivery) 

.  Deployment  and  setup  recommendations 
.  Operation  (on  contract) 

.  Leasing  requirements 

.  Floating  equipment 

.  Types  of  vessels  (workboats,  barges,  tugs,  cranes,  etc.) 

.  Size/capacity  (including  speed,  duration  at  sea) 

Availability  (location,  number  on  hand,  time  to 
arrive  on  site) 

.  Chartering  requirements 

In  addition  to  direct  contacts  with  owners/operators , 
information  on  equipment  availability  can  be  obtained  through 
SKIM  (Spill  Cleanup  Equipment  Inventory  System) .  SKIM  is  a 
computer  based  inventory  of  equipment  available  for  pollution 
response  in  the  U.  S.  The  inventory  includes  public  equipment 
(USCG,  USN,  etc.)  and  equipment  maintained  by  contractors, 
cooperatives ,  and  private  companies .  Information  may  be  extracted 
from  the  inventory  on  the  basis  of  location,  equipment  type  or 
equipment  operator.  The  system  is  currently  being  accessed  and 
updated  by  Coast  Guard  Marine  Safety  Offices  using  dataphone 
terminals.  Instructions  for  utilizing  SKIM  may  be  found  in  the 
Marine  Safety  Manual,  (CG-495). 

Typical  equipment  owners/operators  include  such  organizations 

as : 

.  Coast  Guard  Strike  Teams:  Atlantic,  Gulf,  and  Pacific 
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Coast  teams  are  available  for  large  or  unusual  casualty 
response  operations.  Principal  response  tools  are  the 
ADAPTS  pumping  system,  OWOCS  high-seas  barrier,  and  the 
skimming  barrier.  However,  many  other  equipment  items 
are  available,  and  the  Strike  Team  personnel  are  highly 
trained  in  their  use.  Most  equipment  is  packaged  and 
maintained  for  quick  response  via  tractor-trailer, 

C-130  aircraft  and  helicopter. 

U.  S.  Navy  Supervisor  of  Salvage  (SUPSALV) :  SUPSALV 
maintains  two  major  equipment  bases  in  the  continental 
U.  S.  at  Cheatham  Annex,  Virginia,  and  Stockton, 
California.  Considerable  quantities  of  oil  spill  con¬ 
trol  equipment  are  stored  at  both  bases,  principally 
inflatable  booms  (Goodyear)  and  Marco  Class  V  skimmers. 
Many  other  equipment  items  are  included,  also,  such  as 
pumping  equipment,  heaters  (Clayton  boilers) ,  mooring 
equipment,  beach  gear,  and  ship  fenders.  SUPSALV 
policy  is  to  send  out  supervisory  personnel  with  their 
oil  spill  control  equipment,  but  most  of  the  operating 
labor  must  be  provided  by  the  user.  Most  of  the  equip¬ 
ment  is  maintained  in  a  ready-for-issue  (RFI)  state, 
but  response  time  can  be  expected  to  be  greater  than 
that  of  the  Strike  Teams.  Much  equipment  can  be  air¬ 
lifted  but  this  involves  more  preparation  than  if  truck 
transport  is  used. 

In  addition  to  the  equipment  pools,  SUPSALV  maintains 
contracts  with  commercial  organizations  to  conduct  oil 
spill  cleanup  services  and  salvage  operations.  These 
organizations  operate  their  own  as  well  as  Navy  assets. 
These  assets  include  salvage  vessels,  which  could  be 
useful  in  many  pollution  response  operations.  SUPSALV 
can  be  contacted  at  NAVSEA  headquarters  in  Washington, 

D.C. 

Various  Navy  commands:  Various  shoreside  and  fleet 
conmands  have  specific  oil  spill  cleanup  responsibilities, 
which  are  generally  implemented  through  contract  organ¬ 
izations,  or  other  groups.  Much  of  the  equipment 
utilized  is  provided  by  the  Naval  Facilities  Engineering 
Command  (NAVFAC) .  Primarily,  this  equipment  is  designed 
for  harbor  or  protected  water  operation. 

In  addition,  various  types  of  Navy  vessels,  such  as 
tugs,  and  salvage  and  rescue  ships,  would  be  useful  in 
assisting  in  offshore  response  operations.  Certain 
tankships  could  also  be  used  for  off-loading  or  for 
recovered  oil  storage.  Typical  vessel  characteristics 
are  listed  in  Section  5.5. 


22 


Cleanup  contractors:  Cleanup  contractors  in  the  local 
areas  usually  have  equipment  to  deal  with  only  small 
protected-water  spills  (harbor  boom,  small  skimmers, 
vacuum  trucks,  sorbents,  etc.).  However,  they  do  have 
access  to  labor  pools  that  can  be  utilized  in  many  cases 
Larger  contractors  may  have  specialized  equipment  that 
can  be  valuable  in  certain  cases.  Contractual  arrange¬ 
ments,  using  the  Coast  Guard  Basic  Ordering  Agreement 
(BOA) ,  should  be  made  in  advance  to  ensure  quick 
response  when  necessary. 

Equipment  dealers  and  manufacturers:  Dealers  and/or 
manufacturers  may  have  equipment  available  that  can  be 
purchased  quickly,  but  this  is  unlikely  except  for 
small  items  (small  skimmers,  harbor  boom,  etc.)  suitable 
only  for  harbor  use.  These  facilities  can  be  monitored 
for  equipment  availability,  however. 

Spill  cleanup  co-ops:  Several  co-ops  have  a  consider¬ 
able  inventory  of  oil  spill  cleanup  equipment  suitable 
for  open  water  and  in-shore  use.  Maintenance  and 
operation  are  performed  by  contractors,  so  that  a 
trained  cadre  is  available  to  operate  the  equipment. 

In  many  cases  the  equipment  on-hand  is  designed  for  use 
in  a  specific  area  and  is  not  easily  transportable  to 
distant  locations  on  a  fast-response  basis  (large 
dedicated  skimmers,  large  off-shore  boom  systems,  barges 
etc. ) . 

Transportation  companies:  In  certain  areas  transporta¬ 
tion  and  offshore  service  companies  can  provide  tugs, 
barges,  tankships,  workboats ,  and  other  vessels  that 
could  be  useful  in  pollution  response  operations. 

Various  applications  of  these  vessels  are  discussed 
in  other  sections.  The  management  of  these  companies 
can  provide  recommendations  on  the  utilization  of  their 
vessels,  and  on  limitations  and  other  operational  char¬ 
acteristics. 


3.0  PREVENTION  OF  OIL  SPILLAGE  FROM  VESSEL  CASUALTIES 


Various  types  of  casualties  fit  into  this  category,  as 
outlined  below: 

1 .  Grounding : 

a.  sand 

b.  mud 

c.  coral 

d.  rocks 

e .  impalement 

(1)  rocks 

(2)  wreckage  or  other  structure 

2.  Collision: 

a.  between  ships 

b.  with  structure  (bridge,  nav.  aid,  piers,  icebergs) 

3.  Hull  rupture: 

a.  from  external  cause  (other  than  grounding  or 
collision) 

b.  from  internal  cause  (structural  failure  -  hogging, 
sagging,  corrosion,  fatigue,  etc.) 

4.  Fire 

5 .  Explosion 

6 .  Sinking 

7.  Loss  of  command  (steering) 

8.  Flooding 

9 .  Breakup  in  heavy  seas 

This  guide  will  concentrate  on  the  grounding  cases,  as 
groundings  occur  frequently  and  involve  most  of  the  response 
options  that  the  other  casualty  types  would.  These  cases  usually 
involve  the  interaction  of  salvage  personnel,  pollution  abatement 
personnel,  and  the  ship's  owners/underwriters/operator.  Although 
the  Coast  Guard  will  be  active  in  following  any  casualty  situation 
involving  potential  pollution,  in  offshore  grounding  cases, 
especially  in  heavy  weather,  there  is  a  good  probability  of  having 
to  assume  command  of  the  overall  operation. 

Although  this  Guide  is  oriented  toward  oil  tanker  casualties, 
the  pollution  abatement  approaches  will  generally  apply  to  any 
other  large  ship  casualty  whose  fuel  oil,  lube  oil,  and  day  tank 
contents  could  constitute  a  major  oil  spill  threat. 
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Frequently,  the  OSC  will  first  become  involved  in  the 
casualty  situation  through  a  search  and  rescue  (SAR)  mission. 

From  this  vantage  point,  monitoring  and  assessment  of  the 
situation  can  begin.  In  many  cases,  however,  progression  of 
a  casualty  incident  to  the  SAR  stage  before  the  OSC  becomes 
involved  indicates  that  it  is  probably  too  late  to  perform 
certain  time-critical  operations,  such  as  jettisoning,  which 
could  possibly  save  the  ship  and  the  bulk  of  the  cargo.  Assess¬ 
ment  and  surveillance  should  begin  as  soon  as  possible  after  any 
casualty  occurs  in  which  pollution  could  be  a  threat. 

3 . 1  Response  Guidelines  fcr  banker  Casualties 

In  the  event  of  a  ship  casualty,  the  pollution  danger  can 
be  classified  in  two  ways: 

1.  Ship  is  damaged  and  spillage  is  occurring 

2.  Ship  is  in  danger  of  (additional)  damage  that  can 
cause  spillage 

In  the  first  case  the  obvious  solution  is  to  stop  any  further 
spillage  by  one  of  the  following  approaches: 

1.  Plug  the  leak  (difficult- to- impossible  to  accomplish 

in  time  to  prevent  maximum  leakage  from  the  tank  unless 
the  leak  is  very  small) 

2.  Remove  the  cargo  from  the  leaking  tank  (store  in  other 
tanks  or  off-load) 

In  the  latter  case,  where  spillage  is  not  occurring  but  may 
be  imminent,  several  approaches  can  be  taken,  depending  on  the 
probability  of  additional  damage  occurring  and  on  the  magnitude 
of  damage  anticipated.  The  extreme  case  of  damage  would  be  a 
breakup  of  the  ship,  which  can  occur  in  heavy  weather  and  cause 
spillage  of  the  entire  cargo. 

Each  response  operation  can  be  characterized  by  the  length 
of  time  it  takes  to  perform  the  operation,  as  influenced  by  the 
effects  of  the  weather  and  sea  conditions.  Unfortunately, 
worsening  weather  and  sea  conditions  can  also  shorten  the  time 
that  the  casualty  will  remain  intact  without  further  damage. 

Figure  3.1  indicates  how  these  time  factors  interact  to  determine 
whether  a  particular  response  approach  is  viable  or  not. 
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Weather/Sea  Conditions 


FIGURE  3.1  TIME  EFFECTS  ON  CASUALTY  LIFE  AND  RESPONSE  APPROACH 


p 


■ 


r 


The  most  difficult  factor  to  estimate  in  Figure  3.1  is  the 
life  of  the  casualty  as  a  function  of  the  weather.  This  will 
defend  on  the  type  of  casualty,  the  amount  of  damage  already 
sustained,  the  characteristics  of  the  vessel,  and  certain  environ¬ 
mental  conditions  (for  example,  sea  bottom  characteristics  in  the 
case  of  a  grounding) .  At  best,  the  subjective  opinion  of  a 
salvor,  who  has  examined  the  vessel  and  the  information  collected 
during  the  initial  assessment,  may  provide  the  only  realistic 
estimate  of  the  remaining  life  as  a  function  of  the  anticipated 
weather. 


One  problem  with  the  effect  of  weather  and  sea  conditions  on 
the  casualty  life  is  that  the  effects  can  be  cumulative;  i.e.  a 
series  of  storms  can  weaken  the  structure  in  successive  incre¬ 
ments  resulting  in  eventual  break-up,  whereas  little  weakening 
is  likely  to  occur  during  the  calm  periods  between  the  storms. 

The  same  holds  true  for  the  response  time,  where  the  rate  of  task 
accomplishment  may  be  zero  during  storms  and  proceed  at  maximum 
rate  during  calm.  Figure  3.2  shows  a  simple  example  of 
these  points.  In  this  case,  the  vessel  breaks  up  before  the 
response  is  finished;  however,  80%  of  the  work  is  accomplished, 
resulting  in  only  20%  cargo  loss. 

The  conclusions  that  can  be  drawn  from  the  above  discussion 
are  that: 


1.  Where  extended  periods  of  bad  weather  are  forecast, 
the  most  rapid  response  method  available  should 
probably  be  utilized. 

2.  If  relatively  good  weather  is  anticipated  almost  any 
response  approach  can  be  utilized  successfully,  depend¬ 
ing  on  the  casualty  type,  and  elimination  of  all  pollu¬ 
tion  should  be  attempted. 

3 . 2  Response  Alternatives 

The  response  alternatives  can  take  several  general  approaches 
as  outlined  below: 

1.  Save  the  ship  first,  thereby  containing  the  cargo 

2.  Save  the  cargo  first  and  deal  with  the  empty  ship 
later 
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FIGURE  3.2  EXAMPLE  OF  CUMULATIVE  EFFECTS  OF  RESPONSE  TIME  AND  CASUALTY  LIFE 


3.  Destroy  the  cargo  while  it  is  still  on  the  ship,  and 
deal  with  the  ship  later. 

4.  Destroy  the  ship  and  cargo. 

Depending  on  the  casualty  type,  one  or  more  of  these 
approaches  could  be  pursued.  For  an  all  around  best  approach, 
the  first  alternative  is  preferred,  as  both  the  vessel  and  cargo 
are  saved,  and  minimum  handling  of  the  cargo  is  required.  The 
second  alternative  can  have  the  same  end  result  as  the  first 
(both  cargo  and  ship  saved) ,  and  it  may  be  the  only  viable 
alternative  in  many  cases  (groundings) .  The  third  alternative 
only  attempts  to  minimize  pollution,  probably  destroying  the 
vessel  in  the  process  (burning) ,  and  is  only  recommended  as  a 
last  resort.  The  fourth  alternative  infers  sinking  the  ship 
in  deep  water  with  cargo  aboard  (probably  burning)  and  can  only 
be  done  with  a  floating  casualty.  This  action  is  usually  the 
result  of  not  being  able  to  do  anything  else  other  than  towing 
the  casualty  away  from  sensitive  areas  where  its  ultimate  break¬ 
up  will  cause  the  least  amount  of  environmental  harm.  In 
general,  as  much  cargo  off-loading  as  can  be  safely  performed 
should  be  done  before  a  ship  is  sunk.  By  closing  off  openings 
on  the  cargo  and  fuel  tanks  the  risk  of  subsequent  leakage  may 
be  minimized;  however,  this  could  be  an  extremely  hazardous 
undertaking  on  a  burning  ship  or  on  one  in  imminent  danger  of 
sinking. 

Specific  techniques  applicable  to  each  of  the  first  three 

general  approaches  are  listed  below: 

< 

1.  Save  the  ship 
a.  Strandings 

*  Shift  cargo  to  empty  tanks  and  pull  the  ship  off  the 
strand 

Portable  pumps 
*  Ships  pumps  (if  operable) 

•  Pump  part  of  cargo  to  flaring  burner  (portable 
pumps) ,  and  pull  off  strand 
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•  Pump  part  of  cargo  to  another  vessel  and  pull  the 

ship  off  the  strand 

•  Portable  pumps 

•  Ship's  pumps  (if  operable) 

•  Jettison  part  of  cargo 

•  Gel  the  cargo  in  vulnerable  tanks 

b.  Collision,  hull  rupture,  explosion 

•  Shift  cargo  from  damaged  tanks  to  sound  tanks 

•  Portable  pumps 

•  Ship's  pumps  (if  operable) 

•  Pump  part  of  the  cargo  to  other  vessels 

•  Portable  pumps 

•  Ship's  pumps  (if  operable) 

•  Gel  the  cargo  in  vulnerable  tanks 

2.  Save  the  cargo  first,  then  deal  with  the  vessel 

a.  Off-load  all  cargo  to  barges,  tankships,  portable 
containers 

.  Ship's  pumps  (if  operable) 

.  Portable  pumps 

3.  Destroy  the  remaining  cargo 

a.  Bomb  the  vessel  and  burn  the  cargo  in-situ 

b.  Use  explosives  to  open  up  the  vessel  and  burn  the 

cargo  in-situ 

Note  that  the  principal  difference  between  approach  1  and  2 
as  far  as  off-loading  is  concerned  is  that  all  of  the  cargo  is 
removed  in  approach  2,  but  only  part  of  the  cargo  (enough  to  permit 
towing  the  ship)  is  removed  in  approach  1.  Approach  2  would 
apply  more  to  cases  in  which  the  ship  is  badly  damaged  and/or  a 
major  salvage  job  would  be  required  before  she  could  be  moved. 

In  general,  if  rough  weather  is  anticipated,  it  is  best  to  refloat 
the  vessel  as  soon  as  possible  a..d  then  tew  it  to  calm  water  for 
further  off-loading.  Many  ports  and  harbors  would  be  adverse  to 
permitting  a  damaged  but  laden  tanker  to  enter  their  jurisdictions, 
and  the  problem  of  finding  a  safe  haven  can  be  a  problem.  This 
problem  should  be  addressed  during  contingency  planning. 
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In  any  particular  situation,  some  of  the  above  techniques 
may  not  be  feasible,  because  the  time  required  to  perform  them 
in  the  anticipated  weather  conditions  may  be  greater  than  the 
life  expectancy  of  the  casualty. 

A  summary  of  the  estimated  sea  state  working  ranges  or  limits 
for  the  state-of-the-art  response  approaches  discussed  later 
appears  in  Table  3.1.  The  potential  for  success  of  each  approach 
is  noted  as  good,  fair,  or  poor  depending  on  the  sea  state 
existing  during  operations.  These  ratings  were  arrived  at  by 
engineering  judgments  and  are  at  best  subjective. 


In  the  following  sections,  descriptions  of  the  approaches 
are  given,  showing  Time  Plan  diagrams  that  may  be  used  to  estimate 
the  response  time  requirements  for  specific  areas,  and  providing 
decision  diagrams  for  deciding  if  the  approach  is  feasible.  Of 
the  feasible  approaches,  the  ones  that  in  the  opinion  of  the  OSC, 
best  meet  the  priorities  below  should  be  considered  for 
implementation : 


Low  pollution  risk 

Low  risk  to  personnel  and  response  equipment 

Fast  response  time 

Low  risk  to  casualty  vessel 

Low  everall  cost  (including  hull  and  cargo  value  and 
beach  cleanup  costs) 


TABLE  3.1  SEA  STATE  OPERATIONAL  LIMITS  FOR 


Cut  up  the  v< 
for  towing 


3.3.1 

Approach :  Off-load  Cargo  to  a  Receiving  Vessel 


A.  Applications 

1.  Change  trim  or  list  and  lighten  vessel  to  remove  from 
strand. 

2  .  Remove  cargo  from  holed  or  damaged  tanks ,  or  from  tanks 
where  failure  is  imminent. 


B.  Description  of  Approach 

1.  The  following  components  are  required: 

a.  Pumping  system:  If  the  ship's  pumps  are  operable, 
and  piping  or  any  on-board  hoses  will  permit,  this 
equipment  should  be  utilized.  Otherwise,  ADAPTS  or 
similar  high-capacity  portable  pumps  will  be  required 
(see  Section  5.1). 

b.  Salvage  vessel:  In  the  case  of  a  grounding,  one 
or  more  salvage  vessels  should  be  available 

to  take  the  vessel  in  tow  upon  freeing.  These 
vessels  may  also  be  used  to  assist  in  the  actual 
freeing  operation  if  beach  gear  is  employed. 

Salvors  should  be  consulted  for  utilization 
of  beach  gear  and  salvage  vessels. 

c.  Receiving  (lightening)  vessels  for  off-loaded  oil: 

A  variety  of  receiving  vessels  can  be  utilized, 
ranging  in  size  from  barges  or  tankships  to  flexible 
(rubber  or  plastic)  towable  containers  (see  Section 
5.4).  The  size  should  be  compatible  with  the 
amount  of  cargo  to  be  off-loaded,  to  minimize  the 
number  of  transfer  operations  required.  A  small 
draft  may  be  required  for  grounding  cases.  Extra 
hoses  may  be  required,  also. 

d.  Fenders  to  place  between  the  casualty  and  the 
receiving  vessel  :  Either  foam-filled  or  pneumatic 
rubber  floating  fenders  can  be  used.  Foam-filled 
fenders  offer  the  advantage  that  they  will  not 
lose  their  energy  absorption  capacity  if  punctured 

by  a  damaged  casualty.  Usually  three  or  more  fenders 
are  required.  The  size  should  be  selected  according  to 
the  size  of  the  vessel  involved. 
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2.  In  a  grounding  case,  determine  the  ground  reaction,  the 
point  of  stranding,  the  change  in  trim  and  displacement 
required  to  reduce  the  ground  reaction  sufficiently  to 
free  the  ship,  the  amount  of  cargo  to  be  shifted,  and 
and  from  where  the  cargo  should  be  removed.  See 

Appendix  D  for  typical  grounding  calculations  and 
examples.  The  input  data  can  be  obtained  from  the 
casualty  assessment  step. 

3.  Determine  the  number  of  pumping  systems  and  receivers 
required.  Procure  the  necessary  equipment. 

4.  Bring  receiving  vessel  and  fenders  alongside  and  secure. 

5.  Prepare  salvage  ships  with  beach  gear  for  pulling  (if 
necessary)  and  initial  towing  (grounding  situation) . 

The  vessel  should  be  taken  in  tow  when  propulsion  or 
steering  systems  are  inoperable  in  cases  other  than 
groundings. 

6*  Off-load  the  cargo.  Time  the  operation  so  that  the  ship 
can  be  pulled  off  at  high  tide. in  grounding  situations. 


Variations  on  3asic  Approach 


1.  In  a  grounding  situation,  to  minimize  working  of  the  hull 
on  the  strand  while  the  ship  is  light,  the  oil  off-loading 
can  be  accompanied  by  equivalent  ballasting  with  sea  water 
to  keep  the  ship  heavy.  After  the  oil  is  safely  removed, 
the  ballast  water  can  then  be  pumped  rapidly  overboard 
using  all  available  pumping  capacity  to  free  the  ship  at 
the  proper  time  (high  tide) .  This  approach  is  especially 
recommended  in  rough  seas  or  when  all  of  the  cargo  is  to 

be  off-loaded. 

•*  > 

2.  If  a  grounding  is  not  too  severe,  or  if  only  one  or  two 
tanks  are  leaking  in  a  non-grounding  situation,  it  may 
be  possible  to  merely  shift  cargo  within  the  vessel, 
utilizing  unused  tanks,  ballast  tanks,  ullage  space,  or 
other  available  spaces.  Again,  either  ship's  pumps  or 
portable  pumps  may  be  used.  Pillow  tanks  laid  on  deck 
may  also  be  used  if  available,  but  vessel  stability  is 
decreased  by  this  approach.  The  general  calculations 

for  changing  trim  by  shifting  cargo  are  given  in  Appendix  D. 


3.  Flaring  (burning)  of  cargos  This  technique  is  for  all 
practical  purposes,  unavailable  at  this  time,  although 
the  Coast  Guard  does  have  a  portable  flaring  burner  system 
under  development.  In  principle,  the  cargo  would  be 
pumped  to  the  burner  mounted  on  the  casualty's  deck, 
rather  than  to  an  off-loading  vessel.  The  advantages 
are  that  no  oil  spill  pollution  would  be  incurred,  while 
at  the  same  time  the  need  for  a  receiving  vessel  for 
off-loading  would  be  avoided.  However,  the  time  require¬ 
ment  for  on-board  flaring  could  be  much  greater  than 
for  off-loading.  For  example,  a  100,000-DWT  tanker  has 


a  pumping  system  capable  of  discharging  on  the  order 
of  50,000  gpm,  while  a  state-of-the-art  flaring  system 
(of  the  type  used  for  testing  offshore  oil  wells)  has  a 
maximum  capacity  of  less  than  500  gpm  —  a  factor  of 
100  difference.  Even  a  single  ADAPTS  pump  has  a  capacity 
three  times  that  ofya  flaring  burner.  In  addition  to  the 
problem  of  slow  burning  rates,  a  considerable  mobiliza¬ 
tion  and  setup  time  would  be  required,  with  bad  weather 
compounding  the  difficulties.  After  emergency  flaring 
systems  become  available , their  use  will  probably  be 
limited  to  small  tankships  and  barges.  Consideration 
should  be  given  to  flaring  cargo  when  a  suitable 
lightening  vessel  is  not  available,  particularly  if  only 
one  or  two  leaking  tanks  are  to  be  off-loaded. 

4.  Pressurizing  a  breached  tank  with  air  is  a  technique 
commonly  used  for  displacing  water  to  lighten  a  vessel 
during  salvage  operations.  The  deck  openings  must  be 
sealed,  and  the  allowable  pressure  that  can  be  applied 
to  the  tank  must  be  known.  If  cargo  is  displaced*  the 
technique  becomes  a  form  of  jettisoning.  Air  pressure 
can  also  be  used  for  off-loading  cargo  through  the 
ship's  piping  if  the  tanks  are  sound.  However,  the 
pressure  required  to  force  the  oil  from  even  a  nearly 
full  tank  up  to  the  deck  piping  could  endanger  the 
structural  integrity  of  the  tank  (maximum  pressure  on 
the  order  of  4  to  6  psig) .  Pressure  drop  in  the 
transfer  piping  and  hoses  requires  additional  pressure 
in  the  tank,  thus  limiting  the  applicability  of  the 
technique  to  a  relatively  small  amount  and  rate  of 
offloading.  Portable  air  compressors  are  common,  and 
the  smaller  sizes  could  be  transported  by  helicopter  to 
the  casualty. 

5.  The  use  of  water  pumped  into  the  tank  to  displace  oil  is 
similar  to  the  technique  discussed  in  4.  above.  This 
approach  suffers  from  the  same  over-pressure  problem, 
although  in  this  case  the  pressure  on  the  tank  top  does 
not  change  as  the  oil  is  displaced.  However,  a  tank 
top  opening  into  the  piping  system  is  required,  which 

is  normally  not  available  on  tankers,  and  any  unsecured 
openings  will  leak  oil  and  not  air.  Again,  this  will 
only  work  in  a  sound  tank. 

Advantages 

1.  Lightens  a  ship  or  stops  leakage  with  no  loss  of  cargo. 

2.  If  off-loading  is  complete,  then  the  pollution  problem 

is  minimized  no  matter  what  happens  to  the  ship  (breakup, 
etc. )  . 


E.  Disadvantages 


1  .  Process  can  be  slow  if  the  tanker  is  large,  and  if: 

.  Ship's  pumps  are  inoperable  (portable  pumps  must  be 
used  exclusively) . 

.  The  grounding  is  hard. 

.  The  ship  is  impaled  through  the  bottom  (rock 
pinnacle,  old  wreck,  etc.). 

.  The  weather  is  bad  in  Sea  State  3  and  above. 

2 .  It  can  be  difficult  and  hazardous  for  a  receiving  vessel 
to  approach  alongside  and  moor  if  the  water  is  shallow 
and  if  the  sea  state  is  high. 

3.  Availability  of  suitable  off-loading  vessels  may  be  limited, 
and  obtaining  such  vessels  can  cause  delays. 

4  .  Handling  of  hoses  between  vessels  can  be  difficult, 
particularly  if: 

.  Hoses  are  heavy  (ships  cargo  hoses)  and  power  on  the 
casualty  is  lost,  limiting  lifting  capability. 

.  Hoses  have  to  be  provided  with  flotation,  or  if 
floating  hoses  are  used. 

.  Un-manned  receivers,  such  as  Dracones,  are  used  in 
higher  sea  states. 


1.  Mooring  receiving  vessel  alongside  stranded  tanker: 

Rough  seas  can  make  conventional  fendering  or  anchoring  of 
a  lightering  vessel  an  unsafe  operation.  A  dynamic  station¬ 
keeping  system  would  be  desirable  but  no  typical  lightering 
vessels  have  this  capability,  and  the  shallow  water  in  the 
vicinity  of  a  stranded  vessel  could  make  this  approach 
infeasible. 

One  system  that  is  presently  in  use  for  securing  off-shore 
supply  boats  to  drilling  rigs  uses  two  synthetic  mooring  lines 
to  tie  the  vessels  together.  Power  is  then  applied  by  the 
supply  boat  to  maintain  tension  in  the  lines.  The  synthetic 
ropes  have  significant  stretch  and  act  as  springs  to  absorb 
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the  dynamic  loads.  The  shock  to  the  platform  and  vessel 
is  significantly  reduced  and  extreme  weather  transfer  of 
cargo  can  be  ^carried  out.  These  systems  are  limited  to 
12-foot  seas.  Figure  3.3  shows  how  this  system  might  be 
applied  to  an  off-loading  operation  using  a  receiving 
barge  and  tug.  Separations  of  50-100  feet  can  probably 
be  safely  maintained.  Mooring  line  sizes  should  be 
selected  on  the  basis  of  tug/barge  size  and  sea  conditions. 
Provisions  for  supplying  and  handling  heavy  and  bulky 
floating  hoses  must  be  considered  in  planning  operations. 

2.  Stabilizing  a  grounding  casualty: 

In  a  grounding  situation  where  a  large  amount  of  cargo 
must  be  removed  and  a  considerable  length  of  time  is  in¬ 
volved,  consider  stabilizing  the  vessel  during  the  off¬ 
loading  process.  The  purpose  is  to  prevent  movement  of 
the  ship  due  to  wind,  current,  tide  and  wave  forces,  thus 
minimizing  further  damage  to  the  hull  until  an  off-loading 
or  salvage  operation  can  be  completed. 

Two  techniques  may  be  useful: 

a.  Fill  all  available  ullage  and  unused  space  in  a 
stranded  vessel  with  seawater  to  increase  the 
ground  reaction,  by  seating  the  vessel  firmly  on 
the  strand. 

b.  Provide  additional  moorings  on  the  casualty  vessel. 

Special  considerations  for  stabilizing: 

.  Consider  all  spaces  for  flooding  -  ballast  tanks, 

double  bottoms,  even  the  engine  room  (if  inoperable) . 

.  Bottom  beneath  ship  must  be  fairly  smooth  and  not 
steeply  sloped. 

.  Ship  should  be  oriented  in  direction  of  least  natural 
force  when  ballasting  or  mooring. 

.  Casualty's  anchors  must  be  placed  by  another  vessel 
because  they  are  located  at  the  bow  where  the 
grounding  usually  occurs. 


FIGURE  3.3  MOORING  SYSTEM  FOR  OFF-LOADING 

STRANDED  TANKER  IN  HIGHER  SEA  STATES 


Stern  moorings  have  to  be  procured,  deployed  by  a 
separate  vessel,  and  tensioned  from  the  casualty 
deck.  Special  aircraft-deployed,  self-powered 
winches  may  be  required  for  tensioning. 

The  natural  forces  (wind,  current,  waves)  must  be 
estimated  to  determine  the  necessary  ballasting  and 
moorings . 

Ideal  ballasting  pumps  are  of  the  low  head,  high 
volume,  low  weight ,  centrifugal  type.  Agricultural 
irrigation  pumps  (well-point)  are  well  suited,  as 
are  salvage  water  pumps  (ADAPTS  may  be  too  slow  for 
a  large  vessel). 

Deck  wash  may  increase  as  operations  proceed  and 
the  freeboard  is  reduced. 


Planning  Considerations 


1.  Time  Plans:  Figure  3.4  shows  an  example  Time  Plan  for 
the  case  where  the  cargo  from  a  stranded  tanker  is  to  be 
offloaded  into  a  barge  moored  for  rough-sea  conditions 
(Figure  3.3).  Also,  portable  pumping  systems  are  used, 
which  are  delivered  by  helicopter.  In  this  example, 
obtaining  a  barge  is  shown  to  be  a  critical  operation. 


Figure  3.4  also  shows  an  example  Time  Plan  for  the 
situation  where  a  grounded  tanker  is  stabilized  by 
ballasting,  using  portable  sea  water  pumping  systems. 
This  operation  could  be  conducted  in  parallel  with  the 
off-loading  operation. 


2.  Decision  Process:  Figures  3.5  and  3.6  show  the  general 
decision  process  to  determine  if  off-loading  and 
ballasting/stabilizing  are  viable  techniques  for  a 
given  situation.  Similar  considerations  would  be 
made  for  other  casualty  situations  besides  groundings. 


3.  Planning  Checklist:  See  Table  3.2. 


i 


OFF-LOADING 


TABLE  3.2 


( 


—  PLANNING  CHECKLIST 


1.  Assessment  completed  (See  Section  2.4)? 

Special  considerations  in  assessment: 

a.  Damaged  or  holed  tanks? 

b.  Impalement? 

c.  Water  depth  around  casualty? 

d.  Weather  forecasts? 

e.  Operability  of  ship's  pumping  system? 

f.  Trim  and  list?  Stability? 

g.  Oil  properties  and  temperature? 

2.  Estimates  made  for: 

a.  Ground  reaction  (Appendix  D)? 

b.  Location  of  grounding  (on  hull  —  Appendix  D)? 

c.  Quantities  of  oil  to  be  removed,  and  from  which 
tanks  (Appendix  D) ? 

d.  Stability  predictions  (Appendix  C)? 

e.  Structural  integrity? 

f.  Desired  pumping  rate? 

g.  Towing  power  requirements  (Appendix  G) ? 

3.  Information  available  on: 

a.  Ship's  pumping/piping  system: 

.  can  they  be  used? 

.  capacities? 

.  adequate  hoses  available? 

b.  Steering/propulsion  system: 

.  force  that  can  be  developed  in  backing 
the  ship  off  the  strand. 

.  additional  pulling  required  by  beach 

gear/salvage  tug.  , 

c.  Emergency  pumping  or  air-pressurizing  systems: 

.  number  available  and  location? 

.  response  times  (delivery  systems,  personnel)? 

.  availability  of  extra  or  special  hoses  (floating)? 
.  can  they  be  used  for  pumping  ballast  water? 
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d.  Receiving  vessels  (with  tugs,  if  necessary) : 

.  type,  sizes  available? 

.  response  times? 

.  unloading  facilties  (on-shore) ? 

.  mooring  methods  and  equipment? 

.  availability  of  fenders? 

.  chartering  procedures? 

e.  Towing/salvage  vessels  for  standby  or  pulling: 

.  type,  sizes,  available? 

.  response  times? 

.  anchor  handling  and  mooring  capabilities? 

.  chartering  procedures? 

Selections  made  for: 

a.  Pumping  systems  and  hoses? 

b.  Receiving  vessels  and  support  craft? 

c.  Fenders? 

d.  Special  moorings? 

e.  Standby  tugs/salvage  vessels? 

.  towing  gear? 

Plans  made  for: 

a.  Casualty  stabilizing  for  rough  weather? 

b.  Receiver  mooring  to  casualty? 

.  calm  water  (fendering  approach) 

.  rough  water  (synthetic-line-standof f  approach) 

c.  Mobilization  and  delivery  of  pumping  equipment? 

d.  Pumping  plan? 

e.  Pulling  casualty  off  a  strand? 

f.  Casualty  towing  and  other  tug/salvage  vessel 
operation? 

.  setting  casualty  moorings 
.  employment  of  beach  gear 

g.  Handling  of  off-loaded  cargo? 

h.  Replacing  off-loaded  cargo  with  sea  water? 

i.  Cargo  shifting  within  the  vessel  confines? 

j .  Personnel  protection? 

k.  Receiving  the  casualty  vessel  at  a  port? 


Contingency  plans  prepared  for: 

a.  Emergency  stabilizing? 

b.  Equipment/personnel  removal  from  the  casualty? 

c.  Oil  spill  control  in  event  of  breakup? 

d.  Scuttling  vessel  if  it  cannot  be  towed? 

e.  Bombing  and  burning  (as  a  last  resort)? 

f.  Gelling  certain  cargo  tanks  before  towing? 

Safety  considerations  (See  Appendix  A)? 


Approach 


ison  Part  of  Cargo 


Immediate  change  of  trim  and  lightening  to  remove  from 
stranding  during  bad  weather. 

Final  lightening  of  vessel  during  off-loading  process, 
when  bad  weather  is  imminent  and  receiving  vessel 
cannot  remain  alongside. 


The  following  components  are  required: 

a.  Ship's  cargo  pumps:  These  are  an  integral  part 
of  the  ship's  machinery,  but  all  piping,  power, 

and  control  systems  must  be  in  working  order  before 
the  pumps  can  be  used.  Short  hose  lengths  or  ducting 
may  be  desirable  to  keep  oil  off  the  deck  during 
discharge. 

b.  Tug/salvage  vessel:  One  or  more  tugs  or  salvage 
vessels  should  be  available  to  take  the  vessel  in 
tow  upon  freeing  until  steerageway  is  attained. 

These  vessels  may  also  be  used  to  assist  in  the  actual 
freeing  operation  if  beach  gear  is  employed. 

Salvors  should  be  consulted  for  utilization 
of  beach  gear  and  salvage  vessels. 

c.  Spill  control  and  cleanup  equipment:  Although  it  is 
not  absolutely  necessary  to  have  this  equipment 
operating  at  the  beginning  of  the  jettisoning  process, 
it  should  be  mobilized  and  deployed  as  soon  as  possible 
The  size  and  type  of  equipment  needed  will  depend  on 
several  conditions.  (See  Section  4  for  details.) 
Barrier  (boom)  systems  may  be  preferred,  as  jettison¬ 
ing  will  probably  be  performed  at  a  rate  much  higher 
than  any  skimmer  is  capable  of  handling  continuously. 

Determine  ground  reaction,  the  point  of  stranding,  and 
the  change  in  trim/displacement  required  to  reduce  the 
ground  reaction  sufficiently  to  back  off  the  ship  using 
ship's  power.  (See  Appendix  D  for  calculations.) 

Determine  the  amount  of  cargo  to  be  jettisoned  and  from 
which  tanks. 

Arrange  for  the  tug  to  stand  by  and  assist  the  vessel 
after  backing  off  the  strand. 

Arrange  to  have  spill  containment/recovery  equipment 
brought  to  the  scene  to  control  the  jettisoned  oil. 

Jettison  the  cargo  using  the  high-volume  ship's  pumps, 
so  that  the  vessel  will  back  off  the  strand  at  high 
tide. 

Clean  up  the  resulting  oil  slick. 


Variations  on  Approach 

1.  Although  ship's  pumps  provide  the  highest  jettisoning 
rate  (on  the  order  of  10  percent  of  the  cargo  per  hour) , 
it  is  possible  to  use  portable  pumping  systems.  The 
problem  with  this  approach  is  that  if  the  rate  is  too 
slow  the  strand  may  become  worse  in  time,  and  only 
unnecessary  pollution  will  result  from  jettisoning. 

2.  Pressurizing  certain  tanks  with  air  can  force  cargo  out 
through  the  piping  system  and  into  the  water.  Also, 

if  a  tank  is  breached,  air  pressure  in  the  tank  will 
force  water  and  cargo  out  the  hole,  thereby  increasing 
the  buoyancy.  In  either  case  the  deck  openings  must 
be  sealed,  and  the  allowable  pressure  on  the  tank  top 
must  be  known.  Portable  air  compressors  are  common  and 
many  sizes  can  be  easily  transported  to  the  casualty 
by  helicopter. 

Advantages 

1.  Lightens  a  vessel  and  removes  it  from  the  strand  poten¬ 
tially  faster  than  any  other  method.  Assessment,  cal¬ 
culations,  and  tug  procurement  are  still  required,  however. 

2.  Saves  the  bulk  of  the  cargo  from  causing  pollution,  at 
the  expense  of  a  relatively  smaller  amount  of  pollution. 

3.  Provides  the  best  chance  of  maintaining  the  hull  and 
ship  systems  intact. 

4.  Could  be  accomplished  (with  adequate  tug  assistance)  in 
sea  conditions  up  to  Sea  State  5  or  6. 

Disadvantages 

1.  Causes  deliberate  pollution 

2.  If  performed  without  the  aid  of  an  adequate  tug  in  bad 
weather,  the  vessel  can  reground  before  it  can  maintain 
steerageway. 

3.  The  decision  to  jettison,  even  though  successful,  leaves 
the  OSC  open  for  criticism  from  those  who  may  feel  that 
the  salvage  job  could  probably  have  been  performed  with¬ 
out  causing  any  pollution. 

4.  If  the  vessel  is  impaled,  and  this  is  not  detected  during 
the  assessment,  much  more  cargo  may  have  to  be  jettisoned 
than  originally  anticipated.  This  could  lead  to  far  more 
pollution  than  estimated,  with  the  possibility  of  not 
being  able  to  free  the  vessel  after  all. 


F.  Special  Problems/Techniques  for  Extreme  Weather 

The  technique  of  jettisoning  is  in  itself  a  special 
technique  for  extreme  weather.  If  bad  weather  is  imminent 
or  exists,  jettisoning  may  be  the  only  technique  that  will 
save  the  bulk  of  the  cargo.  However,  the  worse  the  weather 
the  more  important  it  is  to  have  an  adequate  tug  or  tugs 
standing  by  to  prevent  further  grounding  as  the  vessel 
lightens.  When  in  doubt,  stabilizing  by  ballasting  or 
moorings  can  be  considered  (See  Off-Loading) . 

G.  Planning  Considerations 

1.  Time  Plans:  A  Time  Plan  diagram  for  jettisoning  can 
be  prepared  similar  to  the  off-loading  case,  although 

a  much  simpler  diagram  would  result.  Contingency  plans 
for  stabilizing  would  require  a  diagram  similar  to 
Figure  3.4.  One  of  the  skimming/dispersing  Time  Plans 
should  be  utilized  for  planning  cleanup  operations. 

2.  Decision  Process:  Figure  3.7  shows  a  general  decision 
diagram  for  determining  the  feasibility  of  jettisoning . 
Several  key  steps  are  involved.  The  final  decision  should 
be  made  on  a  priority  basis  considering  other  feasible 
systems  (off-loading,  others). 

Planning  Checklist:  See  Table  3.3. 
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TABLE  3.3 


JETTISONING  —  PLANNING  CHECKLIST 


1.  Assessment  completed  (See  Section  2.4)? 

Special  considerations  in  assessment: 

a.  Damaged  or  holed  tanks  emptied? 

b.  Impalement? 

c.  Proximity  to  environmentally  sensitive  areas? 

d.  Operability  of  ship's  systems  (steering,  propulsion, 
pumping) ? 

e.  Weather  forecasts? 

f.  Trim  and  list?  Stability? 

2.  Estimates  made  for: 

a .  Grounding  reaction  (Appendix  D)  ? 

b.  Location  of  grounding  (on  hull  —  Appendix  D) ? 

c.  Quantities  of  cargo  to  be  removed,  and  from 
which  tanks  (Appendix  D) ? 

d.  Stability  predictions  (Appendix  C) ? 

e.  Structural  integrity? 

3.  Information  available  on: 

a.  Ship's  pumping/piping  system: 

.  can  they  be  used? 

.  capacities? 

.  special  provisions  for  pumping  overboard 
(special  hoses,  ducts,  etc)? 

b.  Steering/propulsion  system: 

.  force  that  can  be  developed  by  prop  to 
back  the  ship  off  the  strand? 

c.  Available  cleanup  or  spill  control  systems: 

.  barriers  and/or  skimmers? 

.  dispersant  systems? 

d.  Availability  and  type  of  towing  vessels  in 
the  vicinity? 

.  towing  capabilities? 

.  other  capabilities  (emergency  salvage, 
rescue,  etc.)? 
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4.  Selections  made  for: 


a.  Auxiliary  towing  vessel? 

.  towing  gear? 

.  mooring  systems? 

5.  Plans  made  for: 

a.  Jettisoning  precedure? 

.  tanks  to  be  jettisoned  and  order  of  jettisoning 
.  quantities  to  be  jettisoned 
.  pumping  or  tank  pressurization  Cblowing). 

.  timing  for  freeing  at  high  tide 

b.  Tug  assistance? 

.  tug-vessel  interaction  (passing  tow  lines, 
tow  points) 

.  direction  of  tow 

.  stabilization  during  jettisoning  (prevention 
of  broaching,  hardening  on  the  strand,  etc.) 

.  backup  or  supplemental  towing  vessel  utilization. 

c.  Spill  cleanup? 

d.  Protection  of  shorelines  and  critical  areas? 

e.  Special  provisions  for  the  case  of  emergency 
jettisoning  at  the  end  of  an  off-loading  operation: 

emergency  jettisoning  plan  prepared? 

.  plans  for  rapid  casting  off  of  mooring  lines, 
anchors,  etc.,  prepared? 

.  are  tugs/salvage  vessels  prepared  for  emergency 
towing? 

.  cleanup/dispersant  equipment  and  plans  ready, 
with  proper  EPA  approvals? 

6.  Contingency  plans  prepared  for: 

a.  Stabilization  (ballasting,  mooring)  and  off-loading 
if  jettisoning  is  not  proving  successful? 

b.  Flaring  cargo? 

7.  Safety  considerations  (See  Appendix  A)? 


( 
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3.3.3 


Approach:  Bomb  the  Vessel  and  Bum  the  Cargo  In-Situ 


A.  Application 

1.  Consider  as  a  last  resort  when  off-loading  is 
unsuccessful  and  breakup  is  imminent.  Bombing 
will  probably  destroy  the  ship. 

2.  Can  be  used  on  floating  casualties  if  the  risks 
in  sinking  the  ship  are  acceptable  (very  deep 
water,  away  from  land,  etc.) 


B.  Description  of  Approach 

1.  The  following  components  are  required: 

a.  Bombs  or  missiles  to  open  up  the  deck  plating. 

Bombs  can  be  two-part  devices  such  as  used  on 
the  Torrey  Canyon:  the  initial  impact  to  open 
the  hull  plating,  with  a  time-delayed  explosion 
occurring  after  the  penetration  to  ignite  the 
cargo.  Special  missiles  would  probably  improve 
effectiveness,  however.  Depth  charges  are  not 
recommended. 

b.  Aircraft  to  deliver  the  bombs  or  missiles.  Air 
Force  or  Navy  planes  would  be  required. 

c.  Military  vessels  or  combat  helicopters,  to  provide 
fire-power  to  opening  up  holes  in  the  side  of  the 
vessel  (wing  tanks)  to  promote  more  complete  burning. 

d.  Spotter  vehicles  to  report  on  damage  incurred. 

2.  Planes  would  bomb  the  deck,  opening  up  holes  and 
igniting  the  cargo.  Approximately  10-percent  of  the 
deck  above  a  specific  tank  must  be  opened  to  ensure 
maximum  combustion. 

3.  After  sufficient  oil  is  burned  off  to  lower  the  tank 
level,  fire-power  should  be  used  to  open  vent  holes 
in  the  side  of  the  tank  to  enhance  combustion.  A 
10-percent  opening  is  desirable. 

4.  Observations  must  be  made  to  observe  changes  in  vessel 
draft,  additional  oil  spillage,  and  other  indications 
of  effectiveness. 

5.  After  burning  is  completed  conventional  salvage  operations 
can  be  undertaken. 
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C.  Variations  on  Basic  Approach 

1.  Explosives  (cutting  charges)  could  be  planted  on  the 
vessel  by  explosives  experts,  thus  ensuring  that 
adequate  openings  were  made.  However,  the  presence  of 
girders  and  other  structural  members  below  the  deck 
could  make  this  a  difficult  task,  and  would  call  for 
careful  and  time  consuming  planning.  Side  openings 
could  also  be  made  with  planted  explosives,  or  else 
shelling  could  be  used.  Incendiary  charges  or  bombs 
could  be  used  to  ignite  the  cargo. 

2.  Homing  devices  placed  on  specific  deck  locations  might 
improve  the  accuracy  of  missiles,  particularly  when 
smoke  obscures  the  view.  Special  missiles  would  be 
required  for  this,  however. 

3.  Incendiary  bombs  could  be  used  to  enhance  ignition 
if  the  initial  bombing  fails  to  ignite  the  cargo. 


D.  Advantages 

1.  Effects  of  operations  or  weather  on  personnel  are 
small  because  nobody  can  be  present  on  the  casualty 
during  burning. 

2.  Bombing  may  be  the  only  thing  that  can  be  done  in 
certain  circumstances ,  and  even  though  it  may  be 
largely  ineffective  it  indicates  that  an  effort  is 
being  made. 

3.  No  logistical  problems  such  as  providing  receiving 
vessels  for  off-loaded  oil. 


E.  Disadvantages 

1.  After  initial  ignition,  smoke  may  obscure  visibility 
for  making  additional  bomb  or  missile  hits  (not  a 
problem  with  planted  explosives) . 

2.  Openings  of  10-percent  in  a  tank  represent  extremely 
large  areas  for  a  large  tanker.  Projectiles  tend  to 
open  up  a  small  hole  and  depend  on  the  explosion  to 
open  up  larger  areas, 

3.  The  risk  of  causing  more  damage  and  pollution  than 
might  be  saved  is  great  in  the  case  of  bombing. 

4.  Certain  viscous  cargos  may  not  burn  (on  the  order 
of  5,000  cs  or  greater). 
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5.  Air  pollution  could  be  a  problem. 


6.  Burning  rates  are  fairly  slow,  at  best.  For  a 
fully  vented  tank  (10-percent  on  side  and  top) 
and  a  12-knot  wind  feeding  the  flame,  a  burning 
rate  of  7  inches  per  hour  might  be  obtained 
under  optimium  conditions . 

7.  Center  tanks  are  not  amenable  to  side  venting  by 
gun  fire  or  planted  explosives. 

8.  Monitoring  burning  effectiveness  is  not  easy  compared 
to  offloading. 

9.  Burning  is  uncontrollable  after  ignition. 

10.  With  planted  explosives,  initial  detonation  and/or 
heat  may  cause  disruption  of  electrical  (denotation) 
circuits  and  other  problems.  All  charges  may  have 
to  be  set  off  at  once. 

11.  Bad  weather  could  make  planting  explosives  very  hazardous, 
expecially  along  the  sides  of  the  vessel. 

12.  Mobilization  times  for  planting  explosives  could  be 
long. 

13.  Bombing  may  sink  a  floating  ship  (desirable  in  certain 
cases)  . 

14.  The  vessel  will  probably  be  destroyed. 


F.  Special  Problems/Techniques  for  Extreme  Weather 

1.  Setting  explosives  can  be  difficult  in  bad  weather. 

2.  Poor  visibility  in  bad  weather  can  limit  bombing 
or  shelling  operations. 


G.  Planning  Considerations 

1.  Time  Plans:  Diagrams  similar  to  other  Time  Plans 
can  be  prepared  for  this  operation.  Planting 
explosives  appears  to  be  the  preferred  means  to 
success  for  opening  up  the  deck,  but  this  requires 
the  most  planning  and  preparation.  Much  of  this 
planning  effort  must  be  performed  after  the  casualty 
occurs,  thus  making  this  a  slow  response  operation. 

2.  Planning  checklist:  See  Table  3.4. 
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TABLE  3.4 


BOMBING  AND/OR  EXPLOSIVES  —  PLANNING  CHECKLIST 

( 

1.  Assessment  completed  (See  Section  2.4)? 

Special  considerations  in  assessment: 

a.  Condition  of  vessel 

b.  Vessel  structural  data  and  tank  layout 

c.  Cargo  condition  (quantities,  estimated  viscosity) 

d.  Vessel/cargo  condition  as  a  result  of  any 
other  response  techniques  that  have  been 
attempted  (off-loading,  jettisoning,  etc.) 

2.  Estimates  made  for: 

a.  Ground  reaction? 

b.  Location  of  grounding? 

c.  Quantities  of  cargo  to  be  removed,  from  which  tanks? 

d.  Damage  probability  as  result  of  burning  and 
bombing  (.structural  weakening,  etc.)? 

e.  Explosives/ordnance  required? 

3.  Information  available  on: 

a.  Location  and  availability  of  suitable 
aircraft?  Gunboats?  Combat  Helicopters? 

b.  Location  and  availability  of  suitable 
ordnance  (special  —  bombs,  missiles)? 

c.  Supply  of  explosives  (special  configurations 
of  shaped  charges,  mounting  hardware, 
detonating  equipment) ? 

d.  Structural  drawings  of  ship,  showing  deck 
reinforcing,  tank  locations,  etc. 

e.  Status  of  all  cargo  compartments  amenable  to 
bombing/explosives  (oil  quantity  remaining, 
oil  type  and  viscosity) 

f.  Response  times 

4.  Selection  made  for: 

a.  Combat  aircraft 
.  quantity? 

.  type? 

.  source? 

.  function  (bombing,  missile  launching) 
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b.  Ordnance  and  explosives 

.  type? 

.  quantity? 

c.  Gun  boats 

.  quantity? 

.  ordnance  capabilities? 

d.  Staging  sites? 

e.  Evaluation  techniques? 

f.  Surveillance  methods? 

g.  Personnel? 

.  aircraft  and  vessel  crews 

.  explosives  experts  (special  contractor  or 
military) 

.  system  design  group  for  planning  explosives 
layout  and  evaluating  effects  of  explosives 
(or  bombs)  on  ship  structure 

.  evaluation  crews  (post  burning) 

5.  Plans  prepared  for: 

a.  Contracting  with  explosives/ordnance  consultants 
(commercial  and/or  military) ? 

b.  Mobilizing  aircraft  and  vessels? 

c.  Bombing/missile  pattern? 

d.  Layout  of  explosives  and  detonation  sequence? 

e.  Delivery  of  explosives  (ordnance,  explosives) 
to  vessel? 

f.  Vessel  inspections  before  and  after  burning? 

g.  Towing  or  salvage  of  remains  of  vessel? 

h.  Documenting  questions? 

6.  Continqency  plans  prepared  for: 

a.  Oil  spill  control  and  cleanup? 

b.  Additional  burning  or  explosives  setting 
where  initial  failures  occur? 

7.  Safety  considerations  (See  Appendix  Al 
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3.3.4 


c 


Approach:  Cargo  Gelling 


A.  Application 

1.  Where  a  vessel  tank  is  in  danger  of  opening  and  oil 
could  be  spilled. 

2.  Before  towing  a  casualty,  to  minimize  spillage  if 
further  damage  occurs. 


B.  Description  of  Approach 

1.  The  following  components  are  required: 

a.  Gelling  agent:  Although  several  types  of  agents 
will  form  gels  with  oil,  only  certain  polymer 
forming  organic  reagents  will  work  at  reasonable 
ratios  of  agent- to-oil .  Even  then,  quantities  of 
3  to  10  percent  of  the  oil  weight  are  required 

to  provide  adequate  shear  strength  (e.g.,  the 
center  tanks  on  a  1QQ,QQ.Q  DWT  tanker  could  contain 
7,700  tons  of  oil  and  would  require  as  much  as 
770  tons  of  gelling  agent) . 

b.  Mixing  equipment:  The  gelling  agent  must  be 
thoroughly  mixed  with  the  oil,  at  an  energy  input 
of  approximately  1  Hp-minute/1 , 000  gallons. 

Mixing  could  be  provided  by  circulating  oil 
through  an  eductor,  using  an  ADAPTS  pump. 

c.  Test  equipment  to  measure  the  shear  strength 
of  the  gel  (1.2  psi  shear  strength  necessary 

to  prevent  extrusion  through  all  but  very  large 
holes) . 

d.  Cargo  heating  equipment:  Low  temperatures  will 
cause  lower  shear  strengths  to  develop  for 

a  given  quantity  of  gelling  agent  (at  4°C  shear 
strength  for  3%  agent  is  0.7  psi;  at  15°C  shear 
strength  increases  to  1.2  psi).  To  reliquefy 
the  gel,  it  must  be  heated  to  approximately,  54°C, 
but  this  would  be  done  in  port.  Heat  transfer  to 
a  gelled,  semi-solid  cargo  would  be  a  problem. 

2.  Mix  the  gelling  agent  thoroughly  with  the  oil  at  the 
recommended  tnergy  input.  If  any  water  is  present 

a  good  gel  will  not  form.  (However,  a  formed  gel  is 
stable  in  the  presence  of  water.) 

3.  Allow  the  mixture  to  react  for  8  to  24  hours  until 
the  proper  shear  strength  is  achieved. 
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4.  Tow  the  vessel  to  port  for  off-loading  the  cargo. 

C.  Advantages 

1.  The  possibility  of  oil  leakage  and  pollution  is 
reduced  if  the  cargo  is  gelled. 

2.  Free-surface  effects  on  vessel  stability  are  reduced 
if  the  cargo  is  gelled. 

D.  Disadvantages 

1.  Providing  3  to  10  percent  gelling  agent  to  a  casualty 
presents  a  logistics  problem  almost  as  severe  as 
direct  off-loading  of  liquid  cargo. 

2.  Gelling  agents  are  expensive. 

3.  The  cargo  is  contaminated  by  the  addition  of  the 
gelling  agent. 

4.  The  presence  of  water  is  detrimental  to  gel  formation; 
therefore,  holed  tanks  cannot  be  treated  effectively. 

5.  Heating  equipment  is  difficult  to  mobilize  and  deploy. 

6.  Cleaning  or  disposing  of  the  vessel  after  gelling 
would  be  a  problem, 

E.  Planning  Considerations 

Because  of  the  serious  drawbacks  to  the.  use  of  gelling 

as  a  response  method,  no  planning  guidelines  have  been 

developed. 
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4.0  OIL  SPILL  MITIGATION  AND  CLEANUP 


The  objective  of  responses  in  the  event  of  a  spill  is  to 
minimize  the  resultant  environmental  pollution.  The  techniques 
discussed  are  applicable  to  spills  from  tankers,  oil  well  blow¬ 
outs,  pipeline  ruptures  and  other  sources.  Although  several 
response  approaches  are  possible,  they  fall  into  one  of  the 
two  following  categories: 

1.  Skim  the  oil  from  the  water  surface  and 
remove  it  from  the  environment, 

2.  Redistribute  the  oil  or  its  decomposition 
products  throughout  the  environment. 

Category  2  can  be  further  subdivided  as  follows: 

1.  The  use  of  chemical  dispersants  to  remove 
oil  from  the  water  surface  and  suspend  it  as 
droplets  in  the  water  column. 

2.  In-situ  slick  burning  to  remove  the  oil  from 
the  water  surface. 

3.  Sinking  of  the  oil  slick  by  adding  suitable 
materials . 

Only  the  first  of  the  Category  2  techniques  is  considered  to 
be  viable  at  this  time.  Burning  is  not  well  developed,  and 
sinking  is  not  permitted  in  U.S.  waters. 

Response  approaches  can  also  be  categorized  in  other  ways. 
Table  4 . 1  categorizes  the  response  approaches  as  "system  types", 
for  both  skimming  and  redistribution  approaches.  These  system 
types  represent  basic  functional  approaches  that  may  be 
available  to  the  OSC  in  planning  a  skimming  or  dispersant 
operation.  Within  each  of  the  skimming  system  types,  for 
example,  the  skimming  devices  and  the  basic  skimming  mechanisms 
(the  means  of  actually  removing  the  oil  from  the  sea  surface) 
may  differ  considerably.  Appendix  H  presents  a  summary  of 
the  basic  skimming  mechanisms  that  are  employed  in  various 
skimming  devices. 
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TABLE  4.1. 


SPILL  MITIGATION  AND  CLEANUP 


SKIMMING  APPROACHES 

A.  Barrier  Systems.  Variations  include: 

1.  Skimmer  operates  independently  inside 

the  apex  of  the  barrier. 

a.  Skimmer  tethered  in  the  apex  of 

the  birrier,  and  umbilical- supported 
by  a  vessel  some  distance  away 

b.  Skimmer  supported  from  a  boom  which 
is  mounted  on  a  vessel  located  ad¬ 
jacent  to  the  apex  of  the  barrier 

c.  Self-propelled  skimmer,  remote- 
controlled  from  a  nearby  vessel 

2.  Skimmer  part  of  the  barrier  envelope 

a.  Skimming  mechanism  built  into  the 
barrier 

b.  Skimmer  with  herding  barriers 
attached  to  the  hulls 

B.  Direct-Acting  Skimmers  (No  Long  Barriers) 

1.  Dedicated,  independent  skimmers 

2.  Vessel-of-Opportunity  Skimming  Systems 

(VOSS) 

REDISTRIBUTION  APPROACHES 

A.  Dispersant  Systems 

1.  Aircraft  applied  dispersants 

2.  Vessel  applied  dispersants 

B.  In-Situ  Slick  Burning 

C.  Slick  Sinking 

) 
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4.1  Response  System  Selection 


Figure  4.1  describes  a  general  outline  for  deciding 
the  best  course  of  action  for  a  spill  response, 
along  with  several  of  the  principal  factors  to  be  considered. 
Several  of  the  key  questions  listed  on  the  diagram  are  discussed 
below: 

•  Does  the  Coast  Guard  have  geographic  jurisdiction  for 
removing  the  discharged  oil?  Coast  Guard  geographic  juris¬ 
diction  for  responding  to  an  oil  spill  is  cited  in  the  Clean 
Water  Act  Amendments  of  1977,  33  USC  1321(c)  Cl).  It  states 
that  removal  is  authorized  if  the  discharge  occurs  into  or 
upon  the  navigable  waters  of  the  U.  S.,  the  contiguous  zone, 
adjoining  shorelines,  or  in  connection  with  activities  under 
the  Outer  Continental  Shelf  Lands  Act,  the  Deepwater  Port  Act 
of  1974,  or  the  Fishery  Conservation  and  Management  Act  of 
1976.  A  removal  operation  is  also  authorized  if  the  spill 
poses  a  substantial  threat  to  these  waters. 

.  Can  skimmers  be  used?  If  the  spill  occurs  in,  or 
threatens,  waters  for  which  the  Coast  Guard  has  responsibility 
for  removal  actions,  the  OSC  should  determine  if  skimmers  can 
be  utilized.  From  an  environmental  standpoint,  skimming  is 
preferred  to  other  treatment  methods  because  it  removes  the 
pollution  from  the  environment.  It  is  usually  desirable  to 
utilize  skimmers  when  the  following  conditions  exist: 

1.  A  thick  (l-5mm)  oil  slick  exists  (near  the  spill 
source  or  in  windrows) . 

2.  The  slick  covers  an  area  where  environmental  risks 
from  dispersed  oil  are  great  (for  example,  near  shell 
fishing  areas) . 

3.  Sea  and  weather  conditions  are  expected  to  be  within 
operational  or  survival  limits. 

If  skimmers  cannot  be  used,  because  the  oil  is  too  thin 
or  weather  conditions  preclude  skimming,  then  dispersants  will 
have  to  be  considered.  If  skimming  is  possible,  then  an  exam¬ 
ination  of  system  availability  should  be  made.  A  likely  case 
is  that  skimmers  can  be  utilized  on  part  of  the  slick  but  not 
on  all  of  it.  In  this  case,  different  areas  of  the  slick 
should  be  considered  separately  in  the  decision  making  process. 
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FIGURE  4.1  SELECTION  OF  A  SPILL  RESPONSE  APPROACH 
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.  Is  a  skimming  system  available?  Later  sections  in 
this  guide  discuss  the  types  of  skimming  systems  that  can  be 
used.  Prior  planning  by  the  OSC  will  determine  what  specific 
systems  and  equipment  are  available  to  him.  An  estimate  of 


the  spill  and  environmental  conditions  will  then  narrow  the 


choice.  A  final  choice  would  be  made  considering  the  best 
response  time,  ease  of  control,  and  other  factors.  For  a 
large  spill  several  systems  may  be  required,  and  possibly  not 
enough  skimmers  can  be  made  available.  In  this  case,  consider¬ 
ation  of  dispersants  is  again  required. 


.  Can  dispersants  be  used  to  advantage?  In  general,  it 
is  simpler  to  apply  dispersants  to  the  oil  than  it  is  to  skim 
it.  From  Tables  5.3  and  5.5,  the  sea  state  capabilities  of  dis¬ 
persant  techniques  exceed  the  capabilities  of  available  skimming 
approaches,  although  logistics  and  operational  problems  are 
not  simple.  Details  of  the  various  dispersant  techniques  are 
discussed  later.  It  may  be  desirable  to  utilize  dispersants 
when  the  following  conditions  exist: 


1.  A  thin(<lmm)  wide-area  slick  exists. 

2.  The  oil  slick  covers  an  area  where  environmental 
risks  are  minimal  (offshore,  favorable  current, 
deep  water,  etc.). 

3.  Conditions  are  too  extreme  for  skimming  techniques, 
but  aircraft  or  vessel  application  of  dispersants 
can  be  utilized. 

The  second  condition  above  is  most  critical,  and  regu¬ 
lations  are  in  force  to  ensure  that  dispersants  are  not  used 
in  an  indiscriminate  manner  that  might  harm  aquatic  life. 

Some  of  the  considerations  in  these  regulations  are  shown 
in  Figure  4.1..  Annex  10  of  the  "National  Oil  and  Hazardous 
Substances  Pollution  Contingency  Plan"  gives  full  details.  At 
the  present  time  a  study  is  being  performed  by  the  EPA  to 
develop  better  guidelines  for  the  use  of  dispersants. 
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4.2  Response  System  Descriptions 

The  following  sections  describe  in  more  detail  the 
basic  system  approaches  that  can  be  considered  in  planning 
operations.  Time  plan  diagrams  are  shown  in  many  cases, 
and  diagrams  are  presented  outlining  the  general  considera¬ 
tions  to  be  made  in  determining  if  the  approach  is  feasible. 
Of  the  feasible  approaches,  the  ones  that,  in  the  opinion  of 
the  OSC,  best  meets  the  priorities  below  should  be  pursued: 

1.  Low  residual  pollution  (pollution  that  cannot 

be  controlled  by  the  response  method,  or  that  is 
a  result  of  the  response  method,  e.g.  dispersants). 

2.  Low  risk  to  personnel  and  response  equipment 

3.  Fast  response  time 

Details  of  specific  equipment  items  and  support  systems 
are  presented  in  Section  5. 


4.2.1 


Approach:  Vessel-of-Opportunity  Skimming  System  (VOSS) 


A.  Applications 

1.  Relatively  thick  slicks  (l-5mm  or  greater)  in  windrows  and 
patches ,  iin  sea  conditions  up  to  Sea  State  4  to  5  depending 
on  the  design. 

2.  Where  higher  maneuverability  than  can  be  provided  with  large 
sweeping  barrier  systems  is  required. 


B.  Description  of  Approach 

1.  The  following  components  are  required: 
a.  Vessel  of  opportunity 

Some  criteria  for  vessel  selection  for  rough  weather 
use  are : 

.  seaworthy  in  Sea  State  4  and  above  (implies  160 
feet  or  longer) . 

.  large  open  deck  area  for  support  equipment  (such 
as  power  modules,  lifting  gear,  pumps,  manifolds, 
etc. ) . 

.  capable  of  operating  continuously  at  less  than 
3  knots. 

.  some  on-board  oil  storage  capability  is 

necessary,  whether  it  be  from  integral  or  portable 
tankage. 

The  likelihood  of  acquiring  a  suitable  vessel  on  short 
notice,  without  prior  arrangements,  could  be  low.  The 
OSC  must  identify  suitable  vessels  within  his  area  of 
responsibility,  and  be  prepared  to  obtain  them  when 
necessary. 

Potential  vessels  may  include: 

.  Commercial  vessels: 

.  offshore  supply  boats 
.  towed  small  barges 
.  small  tankers 
.  tugboats 
.  dredges 
.  fishing ' vessels 
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.  Coast  Guard  vessels: 

.  WLB  180-foot  buoy  tenders 
.  WMEC  210-foot  medium  endurance  cutters 

.  Other  Government  vessels: 

.  ASR 
.  ARS 
.  ATF 

.  smaller  AGORs 
.  small  tankships. 

b.  A  skimming  device  that  can  be  placed  over  the  side  of 
of  the  vessel  and  operated  from  the  vessel.  At  the 
present  time  several  promising  VOSS  skimming  devices 
for  rough  water  include: 

.  sorbent  rope  concepts  (under  development) 

.  loose  sorbent  systems  (none  available  at  this 
time) . 

.  the  SOCK  skimmer  (under  development) . 

.  the  Spring  Sweep  skimmer  (Warren  Spring 
Laboratory  design  -  under  development) 

Table  5.3  describes  other  devices  that  may  be  used  for 
VOSS  application  in  the  lower  sea  states. 

c.  Handling  and  lifting  system  for  the  skimming  apparatus. 
Separate  equipment  may  have  to  be  provided,  although  some 
skimmers  may  be  equipped  with  their  own  integral  handling 
system. 

d.  Storage  tanks  for  recovered  oil. 

e.  Slick  surveillance  function  for  directing  the  vessel  to 
new  patches  of  oil  "(other  vessels,  aircraft). 

Vessels  of  opportunity  would  be  obtained  and  the  equipment 
would  be  installed  on  it  at  the  time  of  a  spill. 

Surveillance  vehicles  (boats,  aircraft)  would  proceed  to  the 
spill  site  to  direct  the  VOSS  to  the  thicker  regions  of  the 
slick.  Slick  trajectory  forecasting  would  be  utilized, also. 

VOSS  system  would  proceed  to  the  spill  site,  deploy  skimmers, 
and  commence  skimming  operations. 

Recovered  oil,  would  be  transferred  off  the  VOSS  periodically. 
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C.  Variations  on  Basic  Approach 

1.  Various  means  of  storing  and  handling  recovered  oil  can  be 
utilized.  Interim  storage  of  skimmed  oil/water  mixtures 
can  be  provided  by: 

a.  Integral  tankage  on-board  the  VOSS  (some  supply  boats, 
tank  ships,  towed  barges). 

b.  Temporary  deck-mounted  tankage  (steel  tanks,  rubber 
pillow  tanks  —  vessel  stability  must  be  considered) . 

c.  Towed  vessels  (Dracones  or  other  bladders,  small 
barges  —  restricts  maneuverability  of  VOSS) . 

Bulk  storage  can  be  provided  in  two  ways: 

a.  At-sea  transfers  from  interim  storage  to  large  barges 
or  tankers  maintained  in  the  vicinity  of  the  spill 
(difficult  operations  in  extreme  weather) . 

b.  Transfers  to  shore-side  tankage  (or  direct  to 
disposal  facilities)  via  pipelines,  tank  trucks,  or 
vacuum  trucks  brought  to  pier-side  (time-consuming 
for  remote  spill)  . 

2.  Vessels  of  opportunity  could  be  obtained  in  various  states 
of  readiness: 

a.  Pre-adapted,  with  special  fittings,  etc.,  already 
installed  to  receive  specific  skimming  equipment  in  the 
event  of  a  spill  (needs  outfitting  at  a  pier,  or  possibly 
via  helicopter  delivery) . 

b.  Pre-adapted,  with  skimming  equipment  permanently  stored 
on-board  for  rapid  assembly  (can  outfit  in-transit  to 
the  spill) . 

c.  Random  vessels  with  no  pre-adapting  (most  common,  but 
most  difficult  and  time-consuming  to  outfit) . 

Types  (a)  and  (b)  require  advanced  planning,  and  probably 
long-term  contractural  arrangements  if  non-military  vessels 
are  involved. 


D.  Advantages 

1.  Provides  a  relatively  small,  self-contained,  and  highly 
maneuverable  skimming  system. 

2.  Provides  a  seaworthy  vessel  for  personnel  amd  support, 
while  allowing  the  skimmer/boom  apparatus  to  be  small 
and  light  to  conform  with  the  wave  profiles. 

3.  Reduces  overall  cost  of  a  complete  skimming  system  (over 
a  dedicated  skimmer) . 

4.  Provides  a  quick  response  potential  if  vessels  are  properly 
equipped  ahead  of  time. 
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5.  Skimming  apparatus  is  relatively  small,  portable,  and  can 
be  stored  at  several  locations. 

6.  Survivability  of  system  is  high  because  the  skimming 

apparatus  can  be  pulled  back  on  deck. 

7.  Because  large  containment  booms  are  not  involved,  skimming 

speed  in  some  cases  can  be  increased  from  1  to  3  knots. 


Disadvantages 

1.  Success  depends  on  having  the  right  vessels  available  when 
needed.  Previous  commitments  by  vessels  can  make  them 
unavailable . 

2.  Vessel  crews  may  be  untrained  in  skimming  operations. 

3.  Installation  of  equipment  can  be  time  consuming  on  a  random 
vessel  —  slow  response  speed. 

4.  Lack  of  interim  oil  storage  tanks  can  limit  operational 
times . 

5.  Good  setups  are  not  commonly  available. 

6.  Skimming  rates  are  relatively  low  (compared  to  barrier 
systems) . 


Special  Problems /Techniques  for  Extreme  weather 

1.  If  bulk  oil  storage  is  provided  by  a  barge  that  has  been 
towed  to  the  vicinity  of  the  spill,  transfers  from  the 
VOSS  may  be  more  easily  made  in  higher  sea  states  if  the 
barge  is  first  taken  in  tow  by  the  VOSS  itself.  Transfers 
can  be  made  by  pumping  the  oil  through  a  floating  or  suspended 
hose. 

2.  Downwind  skimming  may  improve  skimming  efficiency,  because 
the  frequency  of  wave  encounter  is  reduced  and  adverse 
skimmer  and  vessel  motions  are  minimized. 


Planning  Considerations 

1.  Time  Plans:  Figure  4.2  shows  an  examole  Time  Plan  for  the 
situation  where  a  supply  boat  is  outfitted  with  a  skimmer 
at  a  pier  (staging  area) .  The  VOSS  then  proceeds  to  the 
spill  area  where  it  takes  a  barge  in  tow  to  provide  for 
interim  storage  during  skimming  operations.  A  considerable 
amount  of  time  is  shown  for  obtaining  and  outfitting  the 
supply  boat.  Careful  planning  can  help  to  minimize  the 
delays  in  this  step. 
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2.  Decision  Diagram:  Figure  4.3  shows  a  general  Decision 
Diagram  for  determining  if  the  VOSS  approach  will  provide 
an  adequate  response  time  in  the  event  of  a  spill. 

3.  Planning  Checklist:  See  Table  4.2. 
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FIGURE  4. 


2  TIME  PLANS  FOR  VESSEL-OF-OPPORTUNITY  SKIMMING  SYSTEM 
(VOSS)  AND  DEDICATED  SKIMMER 
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FIGURE  4.3 

VESSEL  OF  OPPORTUNITY  SKIMMING  SYSTEM  (VOSS)  CONSIDERATIONS 


TABLE  4.2 

VOSS  —  PLANNING  CHECKLIST 

1.  Assessment  completed  (see  Section  2.4)7 
Special  considerations  in  assessment: 

a.  Slick  thickness  (approximate,  in  patchs  and  windrows). 

b.  Slick  area  coverage  and  distribution  (windrows, 
patchs,  other). 

c.  Projected  intercept  areas  and  times  of  arrival  of 
recoverable  slick  fractions  at  these  areas. 

d.  Rate  of  recoverable  slick  formation. 

e.  Wave  conditions  -  existing  and  projected. 

2.  Estimates  made  for: 

a.  Time  available  for  cleanup  to  prevent  resource  deimage? 

b.  Average  rate  of  skimming  required? 

c.  Number  of  VOSS  systems  required? 

d.  Number  of  receiving  vessels  needed? 

3.  Information  available  on: 

a.  Location  of  suitable  vessels  and  availability? 

b.  Location  of  skimming  and  installation  equipment? 

c.  Location  of  suitable  staging  facilities  (piers 
with  cranes,  sufficient  water  depth,  accessability 
to  necessary  facilities,  availability)? 

d.  Location  of  interim  and/or  bulk  storage  receivers, 
and  availability?  Tugs? 

e.  Response  times  of  candidate  VOSS  systems? 

f.  Location  of  disposal  facilities  for  recovered  oil? 

4.  Selections  made  for: 
a.  Vessels 

.  number? 

.  type  ? 

.  additional  interim  storage  requirements? 

.  extra  on-board  handling  equipment? 
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b.  Appropriate  skimming  equipment  for  above  vessels? 

.  delivery  system  (truck,  helicopter) 

c.  Barges  or  other  towable  bulk  storage  receivers? 

.  pumps  and/or  hoses? 

.  personnel  protection  aboard  barge? 

d.  Staging  sites 

.  loading  equipment? 

.  suitable  for  vessel  draft? 

e.  Recovered  oil  off-loading  sites? 

.  supplementary  pumping  equipment? 

.  tank  trucks? 

.  storage  tanks? 

.  disposal  sites? 

.  debris  handling? 

f.  Surveillance  methods? 

.  aircraft? 

.  vessels? 

.  special  equipment  for  estimating  slick  thickness? 

g.  Personnel 

.  skimmer  crews? 

.  surveillance  crews? 

.  barge  crews? 

.  other? 

5.  Plans  made  for: 

a.  Chartering  vessels? 

b.  Arranging  for  access  to  staging  areas,  off-loading 
piers? 

c.  Delivery  of  skimming  equipment? 

d.  Skimming  patterns? 

e.  Cargo  transfers  (VOSS  to  other  receivers)? 

f.  Surveillance  patterns? 
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g.  Documenting  operations? 

.  operations  log 

•  determining  cleanup  effectiveness 

•  updating  slick  location  and  configuration 
.  photography 

h.  Schedule  for  refueling?  crew  changes? 

Contingency  plans  prepared  for: 

a.  Booming  of  environmentally  sensitive  areas? 

b.  Dispersant  application  if  skimming  is  ineffective? 

c.  Survival  operations? 

Safety  considerations.  (see  Appendix  A)? 


g.  Documenting  operations? 

.  operations  log 

.  determining  cleanup  effectiveness 
.  updating  slick  location  and  configuration 
.  photography 

h.  Schedule  for  refueling?  crew  changes? 

6.  Contingency  plans  prepared  for: 

a.  Booming  of  environmentally  sensitive  areas? 

b.  Dispersant  application  if  skimming  is  ineffective? 

c.  Survival  operations? 

7.  Safety  considerations.  (see  Appendix  A)? 


J 
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4.2.2 


Approach:  Containment  Barrier  Assisted  Skimming 


A.  Application 

1.  Relatively  widespread  slicks,  either  thick  or  thin, 

in  sea  conditions  up  to  State  3  or  possibly  4  depending 
on  the  system  components. 

2.  For  open  water,  where  high  maneuverability  is  not 
required. 

3.  Where  high  skimming  rates  are  desired. 


B.  Description  of  Approach 

1.  The  following  components  are  required: 

a.  Containment  barrier:  Various  types  can  be  used 
depending  on  the  sea  conditions.  For  the  highest 
sea  state  capability  (3  to  4),  the  Coast  Guard 
OWOCS  should  be  utilized.  Characteristics  of 
other  barriers  are  given  in  Table  5.4.  The 
length  required  may  depend  on  the  size  of  the 
slick  and  other  factors,  but  in  general, approx¬ 
imately  600  feet  will  be  satisfactory,  deployed 
with  a  400- foot  opening. 

b.  Skimmer:  Various  types  of  skimmers  can  be  utilized. 
All  types  are  designed  to  operate  in  the  thick 

(4-6  inches)  pool  of  oil  that  accumulates  in  the 
apex  of  the  barrier.  Table  5.3  gives  characteristics 
of  the  various  types  of  skimmers  that  can  be  used, 
including  the  Coast  Guard  skimming  barrier. 

c.  Storage  vessel  for  recovered  oil:  The  skimmers  for 
this  service  have  essentially  no  on-board  oil 
storage  capacity,  and  all  of  the  oil  must  be  stored 
in  a  barge  or  tankship.  Dracones  or  other  unmanned 
receivers  could  be  difficult  to  work  with  in  the 
higher  sea  states. 

d.  Vessels  for  towing  the  barrier,  skimmer  and  recovered 
oil  receiver.  The  vessels  should  be  capable  of: 

.  sustained  towing  at  speeds  of  1  knot  or  less 
.  operation  and  survival  in  the  sea  states  expected 
.  capable  of  extended  operation  at  sea 
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Vessels  suitable  for  towing  operations  in  the  higher 
sea  states  include  but  are  not  limited  to: 


Offshore  supply  boats  (commercial)  with 
controllable  pitch  (CP)  propellers  and 
bow  thrusters. 

WLB  buoy  tenders 

Certain  coastal  buoy  tenders 

WMEC  cutter  (possibly) 

Navy  ATF  tugs 


Delivery  system  for  equipment:  This  will  depend  on 
the  equipment  to  be  used  and  may  possibly  be  accom¬ 
plished  by  one  of  the  towing  vessels. 


Probably  the  best  delivery  system  for  the  higher  sea 
states  is  a  160-foot  or  larger  offshore  supply  boat, 
equipped  with  an  A-frame  and  a  stern  roller.  The 
size  of  such  a  vessel  makes  it  a  good  platform  to  work 
from  in  assembling  a  skimmer  and/or  in  preparing  a 
barrier  for  launching.  An  entire  system  could  possibly 
be  preassembled  on  deck,  even  to  the  point  of  starting 
the  skimmer  mechanism  (unless  remotely  startable)  and 
passing  the  transfer  hose  beneath  the  barrier.  A 
possible  layout  utilizing  the  OWORS  skimmer  and  OWOCS 
barrier  just  before  launching  is  shown  in  Figure  4.4. 


Use  of  the  Coast  Guard  sled  (FDS)  in  higher  sea  states 
could  possibly  be  utilized,  but  would  offer  no  advant¬ 
ages  over  the  supply  boat  delivery  method.  Transport 
speeds  would  be  limited  by  towing  vessel  motions  and 
motions'  of  the  sled  itself.  At  the  work  site,  assembly 
would  have  to  be  done  in  the  water,  which  would  be 
undesirable  in  heavy  weather.  In  lower  sea  states,  the 
FDS  would  be  a  good  vehicle  for  delivering  both  the 
OWOCS  barrier  (which  can  be  used  to  corral  the  oil 
initially)  and  the  OWORS  skimmer.  The  skimmer  could 
also  be  delivered  and  deployed  by  a  180-foot  WLB  in 
very  low  sea  states  (3-foot  waves  or  less). 

Slick  surveillance  function:  Because  of  the  limited 
maneuverability  of  barrier  systems,  a  continuous 
slick  spotting  function  is  not  necessary. 


The  barrier  would  be  loaded  onto  a  delivery  vessel, 
transported  to  the  spill,  and  deployed. 

Towing  vessels  would  be  obtained,  dispatched  to  the  spill 
and  take  the  barrier  in  tow.  Other  vessels  would  also  be 
dispatched  to  perform  other  required  functions ,  depending 
on  the  system. 


4.  The  skimmer  would  be  loaded  onto  a  delivery  vessel  (or 
towed  directly) ,  transported  to  the  spill  and  deployed. 
The  method  of  integration  with  the  barrier,  if  any, 
would  depend  on  the  skimming  system  utilized. 

5.  A  receiving  vessel  for  the  recovered  oil  would  be 
obtained,  transported  to  the  spill,  and  connected  to 
the  skimmer  pumping  system.  The  vessel  may  or  may  not 
be  towed  independently  of  the  barrier,  depending  on  the 
system.  Figure  4.5  shows  an  example  of  a  scheme 
involving  the  OWOCS/OWORS,  with  a  receiving  barge  towed 
independently  of  the  barrier. 

6.  Surveillance  vehicles  (boats,  aircraft)  would  direct 
the  barrier  system  to  the  oil. 

7.  Skimming  operations  would  be  conducted,  with  receiving 
vessel  changes,  as  necessary. 


Variations  on  Basic  Approach 

1.  Various  approaches  to  deploying  and  utilizing  a  skimmer 

can  be  employed: 

a.  Coast  Guard  skimming  barrier  approach:  This  is 
basically  an  OWOCS  barrier  with  special  weirs 
installed  in  the  sections  near  the  apex  to  withdraw 
oil.  The  weirs  are  connected  to  hoses  leading  to 
hydraulically-driven  diaphragm  pumps  floating  behind 
the  barrier,  manifolded  to  hoses  leading  back  to  the 
receiving  barge.  Conformance  of  the  skimmer  section  is 
essentially  identical  to  the  rest  of  the  barrier.  The 
integrated  skimmer-barrier  system  is  launched  as  a  - 
single  unit,  simplifying  deployment  and  retrieval 
operations.  Although  the  Coast  Guard  skimming 
barrier  is  probably  the  best  of  the  existing  barrier- 
type  skimmer  systems,  it  is  expected  to  be  only 
marginally  effective  in  Sea  State  4.  An  oil-water 
separator  would  probably  be  required  because  of  the 
large  amounts  of  water  the  system  may  pick  up  in 
higher  sea  states. 

b.  An  independent  skimmer  is  tethered  or  positioned  in 
the  apex  of  the  barrier  and  controlled  through  an 
umbilical  by  a  vessel  located  a  substantial  distance 
from  the  skimmer.  This  system  is  utilized  in  the 
present  Coast  Guard  OWOCS/OWORS  approach  (see 
Figure  4.5). 

c.  A  skimmer  is  solely  supported  by  a  crane  system  mounted 
on  a  vessel  operating  next  to  the  barrier.  The  mode  of 
operation  would  require  that  after  a  boom  had  swept  up 
some  oil,  the  support  vessel  would  be  brought  alongside 
the  boom  and  the  skimming  head  would  reach  out  over 
the  barrier  and  transfer  the  collected  pool  to  on-board 
tanks.  The  skimmer  head  is  supposed  to  be  relatively 
isolated  from  the  support  vessel  and  free  to  conform 
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FIGURE  4.5  INDEPENDENT  SKIMMER  AND  BARRIER  WITH  DISTANT  SHIP 
SUPPORT  —  FULLY  DEPLOYED 


to  the  wave  motion  inside  the  boom.  Commercial 
systems  utilizing  this  concept  (Framo)  use  an 
oleophilic  disk  skimming  mechanism  similar  to 
the  OWORS.  The  Framo  unit  is  claimed  to  have 
been  used  in  3-meter  high  waves  on  a  blowout  in 
the  North  Sea.  Periodic  transfers  of  recovered 
oil  to  barges  or  shore-side  tanks  is  required,  as 
for  VOSS  skimmers.  The  support  vessel  for 
supporting  the  skimmer  should  have  bow  and  stern 
thrusters  to  permit  the  vessel  to  approach  the 
barrier  apex  sideways. 

d.  A  skimmer  is  umbilical-controlled  from  a  remote 
vessel  as  in  the  case  (b) ,  but  it  is  also  self- 
propelled  and  thus  not  tethered  to  the  barrier. 

The  Norwegian  Euroskim  skimmer  utilizes  this 
concept.  Oil  storage  problems  similar  to  (c) . 

e.  A  vessel- type  skimmer  (manned  or  unmanned)  is  fitted 
with  long  towed  barrier  sections  on  each  side  of  the 
skimmer  mouth  to  direct  oil  into  the  skimmer. 

Several  systems  use  this  concept  (Huskey  skimmer, 

U.S.  Navy  skimmer) .  Vessel  motions  are  considerably 
different  than  barrier  motions,  limiting  this 
technique  to  low  sea  states  to  avoid  excessive  oil 
losses . 

2.  In  addition  to  a  sweeping  mode  of  operation  (towed) ,  the 
barrier  can  also  be  moored  in  a  current  to  allow  the  oil 
to  thicken  in  the  barrier  naturally.  Unfortunately, of f- 
shore  currents  are  usually  weak  and  oscillatory,  making 
the  fixed  mode  of  operation  impractical  in  most  cases. 

Advantages 

1.  A  large  area  can  be  covered  in  a  single  sweep.  This  is 
especially  advantageous  if  the  oil  is  emitting  from  a 
single  source  such  as  a  well  blowout. 

2.  A  relatively  thin  slick  can  be  concentrated  into  a  thick 
pool  for  efficient  recovery  in  low  sea  states. 

3.  The  number  of  complete  skimming  systems  required  is 
minimized  by  this  approach. 

4.  Barriers  can  be  deployed  independently  to  contain  a  small 
spill  before  skimming  operations  are  conducted  (except  in 
variations  (la)  or  (le) . 

5.  In  most  cases  equipment  is  relatively  small  and  can  be 
delivered  to  the  spill  site  at  conventional  ship  speeds. 


Disadvantages 

1.  System  utilization  is  complicated  and  requires  careful 
coordination  between  several  vessels  and  equipment  items. 
This  is  particularly  difficult  in  extreme  weather. 

2.  Barriers  are  limited  to  1-knot  tow  speeds  to  avoid  heavy 
oil  losses. 

3.  Deployment  of  systems  is  more  difficult  than  with  other 
approaches  (VOSS,  dedicated  skimming,  dispersants).  Hook¬ 
ups  in  the  water  (divers)  may  be  difficult  to  impossible 
in  extreme  weather. 

4.  Maneuvering  capability  is  limited. 

5.  Slow  skimmer  response  in  most  cases.  However,  with  good 
planning,  reasonably  rapid  response  with  some  systems 
can  be  obtained  (USCG  skimming  barrier) .  The  need  to 
obtain  several  vessels  at  once  is  a  disadvantage. 

6.  With  variation  (c)  the  close  proximity  of  the  skimmer 
vessel  to  the  barrier  makes  this  operation  hazardous  to 
the  barrier  and  uncomfortable  to  the  operator  in  higher 
sea  states. 

7.  Survival  potential  of  the  equipment  is  reduced  because  of 
the  difficulty  of  recovering  it  in  bad  weather  and  the 
need  to  leave  it  deployed  in  most  cases. 

Special  Problems/Techniques  for  Extreme  Weather 


1.  Downwind  skimming  may  improve  skimming  efficiency,  because 
the  frequency  of  wave  encounters  is  reduced  and  adverse 
skimmer  and  vessel  motions  are  minimized. 

2.  Deployment/launching  operations  can  be  difficult  to 
impossible  to  carry  out  safely.  Systems  may  have  to 

be  assembled  in  calm  water  and  towed  to  the  site.  This 
can  slow  the  response  speed  significantly.  Launching 
methods  where  devices  can  be  pulled  off  a  low,  flat 
deck  (work  boat  stern,  barge  deck)  may  be  better  than 
crane  and  boom  launching  methods. 

3.  Changing  out  a  recovered  oil  barge  could  be  difficult  if 
it  is  being  towed  directly  by  the  barrier  or  barrier 
towing  vessels.  In  heavy  weather,  independent  towing  of 
the  barge  by  a  separate  tug  would  permit  faster  break¬ 
away  in  an  emergency,  and,  also  provide  continuous 
control  of  the  barge.  Because  the  barge  towing  vessel 
could  also  be  functioning  as  the  support  platform  for 

the  skimmer  machinery  (pcwer  units,  control  panels,  etc.), 
a  transfer  of  a  full  barge  to  another  towing  vessel  (and 
vice  versa  for  the  empty  replacement  barge)  would  be 
required. 


Planning  Considerations 


1.  Time  Plan:  Figure  4.7  shows  an  example  Time  Plan  for  a 
case  similar  to  variation  (b) ,  where  an  independent 
skimmer  is  tethered  in  the  apex  of  the  barrier.  The 
situation  at  the  start  of  the  launch  sequence  is  shown 
in  Figure  4.4.  Figure  4.5  shows  the  setup  after  the 
receiving  barge  has  been  positioned  and  the  skimming 
operation  has  commenced. 

Figure  4.7  also  shows  steps  in  the  launch  sequence  that 
would  not  be  required  if  the  Coast  Guard  skimmer-barrier 
was  being  utilized  in  a  similar  operation. 

Other  variations  would  have  similar  Time  Plans,  which 
would  have  to  be  developed  around  available  equipment. 

2.  Decision  Diagrams:  Figure  4.6  shows  a  general  Decision 
D.iagram  for  considering  the  utilization  of  a  barrier 
system  for  spill  control,  assuming  sea  state  conditions 
are  within  limits  for  the  system. 

3.  Planning  Checklist:  See  Table  4.3. 


Locate 

1.  Surveillance  plane  & 

equipment 

2.  Vessel  to  transport  boom 

&  equipment 

3.  Locate  barge  and  tugs  as 

required 

4.  Boom  towing  vessels 
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1.  Transport  equipment  to  staging 
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2.  Connect  Oil  Transfer  Hoses 
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FIGURE  4.6  BARRIER  USE  CONSIDERATIONS 
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TABLE  4 . 3 

BARRIER  SYSTEMS  —  PLANNING  CHECKLIST 

1.  Assessment  completed  (see  Section  2.4)? 

Special  considerations  in  assessment: 

a.  Slick  area  coverage  and  distribution  of 
thicker  patches  of  oil. 

b.  Locations  where  collecting  the  slick  would 
be  most  desirable. 

c.  Rate  of  recoverable  slick  formation. 

d.  Wave  conditions  existing  and  projected. 

e.  Distance  from  support  facilities. 

2.  Estimates  made  for: 

a.  Time  available  for  cleanup  to  prevent  resource 
damage? 

b.  Average  rate  of  skimming  required? 

c.  Number  of  systems  necessary? 

d.  Number  of  receiving  vessels  needed? 

e.  Number  of  support  vessels  needed? 

3.  Information  available  on: 

a.  Location  of  suitable  vessels  and  availability? 
Support  gear? 

b.  Location  of  skimmers  and  barriers? 

c.  Location  of  suitable  staging  facilities? 

d.  Location  of  receiving  barges  or  tankships,  and 
availability?  Tugs? 

e.  Location  of  disposal  facilities  for  recovered  oil? 

4.  Selections  made  for: 
a.  Vessels 

.  number? 

.  type? 

.  on-board  equipment  for  launch  assist? 
towing?  other? 

< 
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b.  Barriers 

.  length? 

.  sized  for  expected  conditions? 

.  launching  facilities?  FDS  sled? 

c.  Skimmers 

.  type  compatible  with  the  approach  variation 
to  be  used? 

.  launching  facilities? 

.  support  platforms  for  power  units,  control 
stations? 

d.  Barge  or  other  oil  receivers 
.  towing  vessels? 

•  auxiliary  vessels  for  towing? 

•  oil-water  separators? 

•  pumps  or  hoses? 

•  personnel  protection  aboard  barge? 

e.  Staging  sites 

.  loading  equipment? 

.  suitable  for  vessel  draft? 

f.  Recovered  oil  off-loading  sites 

.  supplementary  pumping  equipment? 

.  tank  trucks? 

.  storage  tanks? 

.  disposal  sites? 

.  debris  handling? 

g.  Surveillance  methods 
.  aircraft? 

.  vessels? 

h.  Personnel 

.  skimmer  operating  crews? 

.  surveillance  crews? 

.  barge  crews? 

.  supplementary  crews  for  manning  other  support 
or  towing  vessels? 

.  other? 
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5.  Plans  made  for: 

a.  Chartering  vessels? 

b.  Outfitting  vessels  with  support  equipment 
(launching  equipment,  towing)? 

c.  Delivery  of  skimming  equipment  and  barriers? 

d.  System  assembly  plan? 

e.  Skimming  plan  (sweeping*  mooring)? 

f.  Surveillance  patterns 

g.  Receiver  barge  change-out? 

h.  Documenting  operations? 

.  operations  log 

.  determining  cleanup  effectiveness? 

.  photography? 

.  updating  slick  location  and  configuration? 

i.  Schedule  for  crew  changes?  Refueling? 

6.  Contingency  plans  prepared  for: 

a.  Booming  of  environmentally  sensitive  areas? 

b.  Dispersant  application  if  skimming  system  is 
ineffective? 

c.  Use  of  VOSS  or  dedicated  skimmers  for  escaping  oil? 

d.  Survival  operations? 

7.  Safety  considerations  (see  Appendix  A)? 
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4.2.3 


Approach:  Dedicated  Skimmer 


A.  Applications 

1.  Relatively  thick  slicks  (1-5  mm  or  greater)  in 
windrows  and  patches,  in  sea  condition  up  to  State 
3  or  4,  depending  on  the  design. 

2.  Where  higher  maneuverability  than  can  be  provided 
with  large  sweeping  barrier  systems  is  required. 

3.  Where  fast  response  is  required. 


B.  Description  of  Approach 

1.  The  following  components  are  required: 

a.  Dedicated  skimming  vessel:  This  is  a  skimming 

vessel  designed  specifically  for  skimming  operations, 
and  usually  includes  a  fixed  skimming  mechanism, 
integral  herding  boom  arms  (to  increase  sweep  width) , 
recovered  oil  tankage,  and  support  equipment  (pumps, 
hoses,  crew  facilities,  etc.).  Other  pollution 
control  functions  are  sometimes  included  in  the 
design  to  increase  operating  flexibility. 

For  rough  weather  use,  a  dedicated  skimmer  should 
have,  in  addition  to  the  above,  the  following 
characteristics : 

.  The  vessel  should  provide  a  stable 
working  platform  for  personnel.  This 
implies  a  length  of  160  feet  or  more  for 
Sea  State  4  or  higher. 

.  The  skimming  mechanism  should  have  a  high 
encounter  rate  with  the  oil.  This  implies 
a  wide  beam  since  herding  boom  arms  become 
impractical  in  higher  sea  states. 

.  The  skimming  mechanism  should  have  minimum 
relative  motion  with  the  water.  Non-surface  - 
piercing  concepts  are  more  likely  to  be 
successful . 

See  Table  5. 3  for  characteristics  of  specific 
dedicated  skimmer  models. 

) 
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b.  Bulk  storage  facilities  for  recovered  oil/water 
mixtures. 

c.  Slick  surveillance  function  for  directing  the 
vessel  to  new  patch  of  oil  (other  vessels, 
aircraft) . 


2.  Upon  notification  of  a  spill,  the  skimmer  would  be 
dispatched  immediately  to  the  vicinity  of  the  spill. 

3.  Surveillance  vehicles  (boat,  aircraft)  would  proceed 
to  the  spill  site  to  direct  the  skimmer  to  the  thicker 
regions  of  the  slick.  Slick  trajectory  forecasting 
would  be  utilized  also. 

4.  Recovered  oil  would  be  periodically  off-loaded  to 
bulk  storage  facilities. 


C.  Variations  on  Basic  Approach 


1.  Bulk  storage  can  be  provided  in  two  ways: 


a.  At-sea  transfers  from  onboard  storage  to  large 
barges  or  tankers  maintained  in  the  vicinity  of 
the  spill  (difficult  operation  in  extreme  weather), 
or  direct  to  disposal  facilities. 


b.  Transfers  to  shore-side  tankage,  via  pipelines, 

tank  trucks,  or  vacuum  trucks  brought  to  pier-side 
(time-consuming  for  remote  spill) . 


2.  In  relatively  calm  conditions  the  skimmer  could  be 
utilized  with  long  containment  barriers  attached  to 
increase  the  sweep  width  (see  Section  4.2.2). 


Advantages 

1.  Provides  a  relatively  small,  self-contained,  and  highly 
maneuverable  skimming  system. 

2.  Rapid  response.  All  required  facilities  are  onboard 
and  ready  to  operate. 

3.  Good  availability.  Priority  is  to  emergency  skimming. 

4.  Simple  to  mobilize  because  no  equipment  must  be  installed, 
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5.  Crews  are  well  trained  in  conducting  skimming 
operations . 

6.  Skimming  speeds  from  1  to  3  knots  may  be  feasible 
(special  designs  not  available  at  this  time  may 

be  capable  of  6  to  10  knot  skimming.  Slick  encounter 
rates  may  still  be  small,  however,  because  of  the 
limited  width  of  the  skimming  mechanism  and  the 
inability  to  use  herding  boom  arms) . 


E.  Disadvantages 

1.  Almost  all  skimmers  of  this  type  located  in  U.S. 
waters  are  too  small  to  be  seaworthy  in  extreme 
weather  operations. 

2.  Because  of  their  specific  designs,  available  skimmers 
are  limited  in  the  other  work  they  can  do,  and  therefore 
costs  may  be  high. 

3.  Skimming  mechanisms  are  generally  fixed  to  the  hull, 
and  therefore  have  poor  conformance  with  wave  profiles 
in  higher  sea  states. 

4.  Rigid  sweeping  boom  arms  typically  present  on  many 
skimmers  are  not  effective  in  higher  wave  conditions. 

5.  Onboard  oil  storage  is  generally  limited,  possibly 
limiting  effectiveness  in  large  spills. 

6.  Skimming  rates  are  relatively  low  (compared  to  barrier 
systems) . 

7.  Transit  speeds  may  be  lower  than  for  other  skimming 
methods  because  of  the  peculiar  shape  of  the  hull  in 
many  cases. 

F.  Special  Problems/Techniques  for  Extreme  Weather 

1.  Adequately  sized  and  properly  outfitted  skimming 

vessels  are  mandatory.  The  skimming  mechanism  should 
be  designed  from  the  motions  of  the  vessel,  or  else 
recovery  and/or  throughput  efficiencies  will  be  low 
(effective  oil-water  separators  will  help  improve 
recovery  efficiency) . 
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2.  If  bulk  oil  storage  is  provided  by  a  barge  that  has 
been  towed  to  the  vicinity  of  the  spill,  transfers 
from  a  dedicated  skimmer  may  be  more  easily  made  in 
higher  sea  states  if  the  barge  is  first  taken  in  tow 
by  the  skimmer  itself.  Transfers  can  then  be  made  by 
pumping  the  oil  through  a  floating  or  suspended  hose. 

3.  Downwind  skimming  may  improve  skimming  efficiency, 
because  the  frequency  of  wave  encounter  is  reduced 
and  also  skimmer  vessel  motions  are  minimized. 


Planning  Considerations 

1.  Time  Plans:  Figure  4.2  (Section  4.2.1)  shows  an  example 
Time  Plan  for  the  case  when  a  skimmer  can  be  dispatched 
directly  to  a  slick,  and  transfers  of  recovered  oil  to 
bulk  storage  are  made  to  a  large  barge  at  sea.  This 
example  shows  how  the  time  in  obtaining  a  bulk  storage 
facility  can  limit  the  effectiveness  of  a  rapid  response 
technique  such  as  a  dedicated  skimmer. 

2.  Decision  Process:  If  dedicated  skimmers  are  available, 
and  are  capable  of  operating  (and  surviving)  in  the 
environment  at  the  spill  site,  they  should  be  dispatched 
immediately  whether  or  not  other  response  techniques 
are  also  being  considered  for  use.  Figure  4.8  shows  a 
brief  outline  of  the  more  significant  considerations  in 
deciding  to  utilize  sweeping  barriers  and  skimmers, 
assuming  sea  conditions  are  satisfactory  for  the  system 
under  consideration. 

3.  Planning  Checklist:  See  Table  4.4. 
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Locate 


1.  Surveillance  aircraft 

or  vessels 

2.  Bulk  oil  storage  barges 

or  vessels 

3 .  Tugs 


vessels^ 
available, 
\  / 


TABLE  4.4 


DEDICATED  SKIMMER  —  PLANNING  CHECKLIST 


1.  Assessment  completed  (see  Section  2.4)? 

Special  consideration  in  assessment: 

a.  Slick  thickness  (approximate,  in  patches  and 
windrows) 

b.  Slick  area  coverage  and  distribution  (windrows, 
patches,  etc.). 

c.  Projected  intercept  areas  and  times  of  arrival 
of  recoverable  slick  fractions  at  these  areas. 

d.  Rate  of  recoverable  slick  formation. 

e .  Wave  conditions . 

f.  Distance  from  port. 

2.  Estimates  made  for: 

a.  Time  available  for  cleanup  to  prevent  resource 
damage? 

b.  Average  rate  of  skimming  required? 

c.  Number  of  skimming  systems  required? 

d.  Number  of  receiving  vessels  needed? 

3.  Information  available  on: 

a.  Location  of  skimmer? 

b.  Location  of  bulk  receivers  and  availability?  Types? 

c.  Response  times? 

d.  Location  of  disposal  facilities  for  recovered  oil? 

4.  Selections  made  for: 

a.  Skimmers? 

b.  Barge  or  other  towable  bulk  storage  receivers? 

.  pumps  and/or  hoses? 

.  personnel  protection  aboard  barge? 
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c.  Recovered  oil  off-loading  sites 


.  supplementary  pumping  equipment? 

.  tank  trucks? 

.  storage  tanks? 

.  disposal  sites? 

.  debris  handling? 

d.  Surveillance  methods 

.  aircraft? 

.  vessels? 

.  special  equipment  for  estimating  slick  thickness? 

e.  Personnel 

.  additional  skimmer  crews?’ 

.  surveillance  crews? 

.  barge  crews? 

.  other? 

5.  Plans  made  for: 

a.  Contacting/mobilizing  skimmers?  Barges  and  tugs? 

b.  Arranging  access  to  oil  off-loading  piers? 

c.  Skimming  patterns? 

d.  Surveillance  patterns? 

e.  Documenting  operations? 

.  operations  log 

.  determining  cleanup  effectiveness 
.  updating  slick  location  and  configuration 
.  photography 

f.  Schedule  for  refueling?  Crew  changes? 

6.  Contingency  plans  made  for: 

a.  Booming  of  environmentally  sensitive  areas? 

b.  Dispersant  application  if  skimming  is  ineffective? 

c.  Survival  operations? 

7.  Safety  considerations  (see  Appendix  A)? 
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4.2.4 


Approach:  Dispersants,  Vessel  Applied 


A.  Applications 

1.  For  thin,  wide-spread  slicks  where  skimming  is  likely 
to  be  ineffective. 

2.  Where  the  combination  of  ecological,  social,  and 
economic  damage  caused  by  dispersed  oil  would  be 
less  than  that  caused  by  untreated  oil. 


B.  Description  of  Approach 

1.  Permission  must  be  obtained  in  accordance  with 
Annex  X  of  the  National  Contingency  Plan. 

2.  The  following  components  are  required: 

a.  Bulk  supplies  of  concentrated  self-mixing 
dispersants.  See  Table  5.5  for  a  list  of 

EPA  accepted  dispersants.  Consult  manufacturers 
for  specific  properties. 

b.  Dispersant  storage  and  bulk  transport  system. 

c.  Spraying  system  to  apply  the  dispersant, 
including  pumps,  hoses,  spray  booms,  and  support 
hardware.  A  typical  setup  is  shown  in  Figure  4.9 
based  on  the  Warren  Spring  Laboratory  (WSL)  system 
(see  Table  5.5  for  comparative  features  of  this  and 
similar  systems) i  This  system  consists  of  spray 
booms,  approximately  15  feet  long,  which  are 
suspended  over  each  side  of  the  vessel  with  a 
supporting  and  deploying  framework.  Towed  breaker- 
boards  (pallets)  can  be  used  to  provide  additional 
turbulence.  A  typical  spraying  system  mounted  on 

a  vessel  can  spray  a  swath  60  feet  wide  at  a  speed 
of  8  knots.  This  will  provide  a  coverage  of 
approximately  67  acres/hour  per  vessel. 

d.  Vessels  suitable  for  conductinq  spraying. operation : 
General  requirements  for  a  vessel  suitable  for 
operations  in  rough  weather  are: 

.  160  feet  or  longer  (for  Sea  State  4  and  greater) . 

.  Capable  of  maneuvering  in  sea  states  from  4  to 
6  (for  extreme  weather  use) . 

.  An  open  deck  for  mounting  spray  booms. 

.  On-board  storage  for  dispersant  (36,000  gallons 
would  permit  30  hours  of  spraying  at  20  gpm) , 
or  open  deck  space  for  portable  tanks. 
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Some  vessels  that  might  be  suitable  include  buoy 
tenders,  some  Navy  ships,  fishing  vessels  and 
offshore  supply  boats. 

e.  Surveillance  system  for  directing  spray  boats 
to  the  slick  (spotter  aircraft  or  patrol  boats) 

3.  Spray  vessels  would  be  obtained,  outfitted  for  the 

operation,  and  dispatched  to  the  staging  area  for 
dispersant  loading. 

4.  Surveillance  aircraft  would  be  obtained  and  flown  to 
the  spill  area  as  soon  as  possible.  Slick  surveillance 
might  be  supplemented  by  computer  forecasting  of  oil 
trajectory.  Vessel  surveillance  should  be  conducted, 
also. 

5.  Bulk  dispersant  supplies  would  be  provided  to  the 
staging  area  for  loading  onto  the  spray  boats. 

6.  Spray  beats  would  conduct  spraying  operations  as 
directed  by  surveillance  vehicles  and/or  planned 
patterns.  Resupply  vessels  as  necessary. 

7.  Record  results  of  operations. 


C.  Variations  on  Basic  Approach 

1.  Bulk  supplies  of  dispersant  can  be  provided  in  several 
ways.  Because  of  the  large  quantities  that  may  be 
required  careful  planning  is  required  for  logistic 
support. 

.-  Use  tank  trucks  to  bring  dispersant 

from  remote  storage  to  dockside, 
and  then  fill  on-board  tanks 

.  Provide  bulk  storage  in  a  barge,  which 
is  towed  to  the  spill  site  for  at-sea 
transfer  to  tanks  onboard  the  spraying 
vessels  (limited  to  less  severe  sea  states) 

.  -Provide  dispersant  in  drums  directly  to  the 
vessel  (limited  to  small  spills) 


D.  Advantages 

1.  Wind  drift  of  slick  is  reduced  if  slick  is  dispersed. 

2.  Biodegradation  of  oil  is  enhanced. 

3.  Dispersed  oil  has  less  tendency  to  stick  to  solids. 
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4.  Sea  state  capability  is  high  compared  to  most  skimming 
methods  (less  than  aircraft  application,  however) . 

5.  Can  provide  a  quick-response  capability  if  vessels 
are  pre-adapted  for  spraying  equipment. 

6.  Efficiencies  can  be  better  than  for  aircraft-applied 
dispersants  because  of  slower  and  more  controlled 
rate  of  application. 


E.  Disadvantages 

1.  Unless  the  OSC  and  the  RRT  have  conducted  the  necessary 
contingency  planning  for  the  use  of  chemical  agents, 
the  U.S.E.P.A.  approval  process  specified  in  Annex  X 

of  the  National  Contingency  Plan  may  prove  to  be  too 
time-consuming  to  permit  the  use  of  dispersants. 

2.  Long-term  environmental  effects  of  dispersants  and 
dispersed  oil  are  not  well  understood. 

3.  Bulk  supplies  of  dispersants  are  not  normally  available, 
nor  are  the  tankage  and  facilities  that  are  required 

to  handle  them. 

4.  Dispersants  are  generally  not  as  effective  on  thick 
slicks  and  viscous  oils. 

5.  High  costs  of  dispersants. 

6.  Vessels  may  not  be  available  when  needed,  or  may  lack 
sufficient  storage  capacity  for  dispersants. 

7.  Generally  a  slower  response  potential  than  aerial 
techniques,  depending  on  the  amount  of  pre-adaptation 
of  planes. 


F.  Special  Problems/Techniques  for  Extreme  Weather 

1.  The  use  of  breaker  boards  (turbulence  generators) 
will  probably  not  be  necessary  in  higher  sea  states, 
even  when  non-self-mixing  dispersants  (concentrates) 
are  utilized. 

2.  If  bulk  dispersant  supply  is  provided  by  a  barge  that 
has  been  towed  to  the  vicinity  of  the  spill,  transfers 
to  the  spraying  vessel  may  be  more  easily  made  in  higher 
sea  states  if  the  barge  is  first  taken  in  tow  by  the 
spraying  vessel  itself.  Transfers  can  then  be  made  by 
pumping  the  dispersant  through  a  floating  or  suspended 
hose. 
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G.  Planning  Considerations 


1.  Time  Plans:  Figure  4.10  shows  a  representative  Time 
Plan  for  a  vessel-applied  dispersant  operation.  This 
case  is  comparable  to  the  aircraft-applied  case,  in 
which  dispersant  replenishment  is  provided  by  a  barge 
towed  to  the  site  of  the  spill. 

The  principal  time  constraints,  other  than  the  approval 
(permission)  process,  will  probably  be  in  obtaining 
and  preparing  the  spraying  vessels  for  operation,  and 
in  replenishing  the  vessels  if  on-board  capacities  are 
limited.  Several  vessels  will  be  required  if  the  spill 
covers  a  wide  area. 

2.  Decision  Diagram:  Assuming  that  application  of  dispersants 
by  vessel  is  desirable,  the  general  considerations  to 

be  made  in  determining  if  it  is  feasible  are  outlined 
in  Figure  4.11.  A  decision  guide  for  determining  the 
desirability  of  using  dispersants  is  being  prepared  by 
the  EPA. 

3.  Planning  Checklist:  See  Table  4.5. 
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Determine  Immediate 
Availability  of  Spraying 
and  Towing  Vessels 


Are 

s'  Vessels^s. 

no 

Immediately  — 

^\^Ava  i  1  ab  le/^ 

- 

l  * 

yes 

Determine : 

1.  Amount  of  chemicals  required 

2.  Number  of  vessels  required 

3.  Surveillance  aircraft  required 


Obtain  or  Provide: 

1.  Permission  to  use  dispersants 

2.  Staging  area  (load  spray 

equipment  and  chemicals) 

3.  Surveillance  aircraft 

4.  Personnel 


/C 
Enough  ^ 
Equipment 
be 

Mobilized 


Begin  Mobilization 


Consider 

Alternatives 


Consult  Time  Plan 
diagrams  .  , 


FIGURE  4.11  VESSEL  APPLIED  DISPERSANT  SYSTEM  CONSIDERATIONS 


TABLE  4.5 


DISPERSANTS,  VESSEL-APPLIED  —  PLANNING  CHECKLIST 


1.  Assessment  completed  (see  Section  2.4)? 

Special  considerations  in  assessment: 

a.  Slick  thickness  (approximate) 

b.  Slick  area  coverage  and  distribution  (windrows, 
patches,  continuous  film,  etc.) 

c.  Projected  impact  areas  and  times  of  slick 
arrival  at  shoreline,  or  other  environmentally 
sensitive  regions. 

d.  Location  of  sensitive  areas  (from  Action  Plans) 

e.  Rate  of  slick  formation. 

2.  Estimates  made  for: 

a.  Time  available  for  application  to  prevent 
resource  damage? 

b.  Rate  of  dispersant  application  required? 

(Examine  properties  of  individual  EPA — 
accepted  dispersants.  Ratios  of  dispersant  to 
oil  may  vary  from  1:1  to  1:50,  with  1:10  being 
a  good  average  for  initial  planning,  depending 
on  the  dispersant  type.  Efficiencies  can  be 
expected  to  be  better  than  for  aircraft.) 

c.  Number  of  vessels  and  spraying  systems  required? 

d.  Total  quantity  of  dispersant  required? 

e.  Number  of  supply  vehicles  required  (tank  trucks, 
barges) ? 

3.  Information  available  on: 

a.  Location  of  dispersant  storage  sites? 

Distances  involved? 

b.  Quantities/type  stored?  Storage  mode? 

c.  Response  time? 

d.  Location  of  suitable  docks?  Other  vessel 
loading  facilities? 
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Selections  made  for: 


a.  Surveillance  vehicles 

.  number  and  type  -  aircraft  and/or  vessels? 

b.  Spraying  vessels 
.  number? 

.  type? 

.  storage  capacity?  Does  extra  storage  capacity 
have  to  be  installed? 

c.  Spraying  equipment 
.  number? 

.  type?  (see  Figure  4.9  for  representative  type) 

d.  Staging  locations 
.  docks/piers? 

.  airstrips  (surveillance  aircraft) 

e.  Logistics  support 

.  tank  trucks  -  capacity  and  number? 

.  barges  -  capacity  and  number? 

f.  Personnel  requirements 

.  spraying  system  operators? 

.  barge/loading  crews? 

.  spotters? 

.  other? 

Plans  made  for: 

a.  Obtaining  required  equipment? 

b.  Pattern  for  applying  dispersant  on  slick? 

c.  Schedule  for  resupply?  Refueling?  Crew  changes? 

d.  Documenting  operations? 

.  operations  log 

.  mapping  treated  areas 
.  recording  dosages 

.  updating  slick  location  and  configuration 

.  determining  effectiveness  of  treatment  (visual, 
water  samples,  infrared  and  other  electronic 
techniques  by  CG  surveillance  planes) 

.  photography 
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e.  Obtaining  required  permission  to  apply  dispersants  (EPA) 
.  sampling  oil 

.  determining  effect  of  specific  dispersant 

6.  Contingency  plans  prepared  for: 

a.  Booming  of  environmentally  sensitive  areas? 

b.  Use  of  spraying  aircraft? 

c.  Cleanup  operations  in  case  slick  proves  to  be 
sufficiently  unaffected  by  dispersant  treatment? 

d.  Survival  operation? 

7.  Safety  consideration  (see  Appendix  A) 


4.2.5 


Approach:  Dispersants,  Aircraft  Applied 


A.  Applications 

1.  For  thin,  wide-spread  slicks  where  application  by  vessel, 
or  the  use  of  skimmers,  would  be  too  slow  or  ineffective. 

2  .  For  the  sea  state  range  where  vessel  application  (or 

skimming)  is  impractical  but  where  a  slick  will  continue 
to  exist  and  pose  a  threat  to  the  coastline  or  other 
environmentally  sensitive  area. 

3.  Where  the  combination  of  ecological,  social  and  economic 
damage  caused  by  dispersed  oil  would  be  less  than  that 
caused  by  untreated  oil. 


B.  Description  of  Approach 

1  .  Permission  must  be  obtained  in  accordance  with  Annex  X  of 

the  National  Contingency  Plan. 

2  .  The  following  components  are  required: 

a.  Bulk  supplies  of  concentrated  self-mixing  dispersant 

(see  Table  5.5  for  presently  available  types.). 

b.  Dispersant  storage  and  bulk  transport  system. 

c.  Aircraft  for  spraying.  Various  types  of  aircraft 
can  be  used,  but  all  must  be  specially  outfitted  for 
dispersant  spraying,  and  preparations  must  be  made 
well  ahead  of  time  to  be  able  to  obtain  the  aircraft 
on  short  notice. 

Typical  aircraft  (commercially  available)  include: 

.  Helicopters,  utilizing  an  externally-slung 
crop  spraying  apparatus  with  special  nozzles 
(for  large  droplet  formation)  —  low  capacity 
(100  to  600  gallons) 

.  Light  planes  equipped  for  crop  spraying,  with 

special  nozzles  (e.g.  Piper- Pawnee)  —  low  capacity 
(100  to  150  gallons) . 

.  DC-4  (C54)  with  special  apparatus  installed  in 
plane  -  2,500-3,000  gallon  capacity. 

•  DC-6  with  special  apparatus  —  2,500-3,000 
gallon  capacity. 

.  Super  Constellation  with  special  apparatus  -  3,500 
gallon  capacity. 
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d.  Surveillance  aircraft  equipped  with  oil  detection 
equipment  or  spotters. 

3  .  Spray  planes  would  be  obtained,  prepared  for  operation  and 

flown  to  the  staging  airfield. 

4  .  Surveillance  aircraft  would  be  obtained  and  flown  to  the 

spill  area  as  soon  as  possible.  Slick  surveillance  might 
be  supplemented  by  computer  forecasting  of  oil  trajectory. 

5  •  Dispersants  would  be  loaded  onto  tank  trucks  and  trans¬ 

ported  to  the  staging  airport. 

6 „  Trucks  and  spray  planes  would  continually  shuttle 

dispersant  from  storage  areas  to  the  oil  spill  until 
complete  dispersion  of  the  oil  had  been  effected,  or 
until  further  application  was  no  longer  practical  or 
effective . 

7.  Record  results  of  operations. 


C.  Variations  bn  Basic  Approach 

Supplies  of  dispersants  can  be  provided  in  several  ways. 

Careful  planning  is  required  to  be  able  to  obtain,  deliver, 
and  store  the  dispersants  at  convenient  airports  in  the 
quantities  needed  for  a  particular  spill.  Possibilities 
include : 

•  Permanent  field  storage  tanks  of  dispersant  at  preselected 
airports,  with  shuttle  tank  trucks  for  filling  aircraft. 

.  Storage  at  other  remote  locations  with  a  fleet  of  tank 
trucks  for  delivery  direct  to  aircraft. 

.  Large  capacity  centralized  barge  storage  that  can  be 
towed  to  nearby  unloading  site,  with  shuttle  tank 
trucks  for  delivery  to  aircraft. 


D.  Advantages 

1.  Wind  drift  of  slick  is  reduced  if  slick  is  dispersed. 

2.  Biodegradation  of  slick  is  enhanced. 

3.  Dispersed  oil  has  less  tendancy  to  stick  to  solids. 

4.  Aircraft  and  personnel  are  not  subject  to  sea  conditions. 

5.  Provides  rapid  coverage  of  wide  area,  thin  slicks. 

6.  Provides  highest  sea  state  operating  capability. 
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E.  Disadvantages 

1.  Unless  the  OSC  and  the  RRT  have  conducted  the  necessary 
contingency  planning  for  the  use  of  chemical  agents, 
the  U.S.E.P.A.  approval  process  specified  in  Annex  X 

of  the  National  Contingency  Plan  may  prove  to  be  too 
time-consuming  to  permit  the  use  of  dispersants. 

2.  Long-term  environmental  effects  of  dispersants  and 
dispersed  oil  are  not  well  understood. 

3.  Aircraft  application  equipment  is  not  common  and 
considerable  planning  and  committment  will  be 
required  to  ensure  a  rapid  response. 

4.  Bulk  supplies  of  self-mixing  dispersants  are  not 
normally  available,  nor  are  the  tankage  and  facilities 
that  are  required  to  handle  them. 

5.  Self-mixing  dispersants  are  not  generally  as  effective 
on  viscous  oils  or  thick  slicks. 

6.  Additional  aircraft  are  required  for  spotting  slicks. 

7.  High  winds  can  cause  inefficient  dispersant  application. 

8.  Limited  capacity  onboard  aircraft  for  a  single  sortie. 

9.  High  costs  of  dispersants. 

10.  Lower  efficiencies  than  for  vessel  application  because 
of  less  controllable  application  conditions  (drift  of 
sprayed  dispersant  due  to  wind,  loss  of  dispersant  to 
evaporation  before  contact  with  surface) . 

F.  Special  Problems/Techniques  for  Extreme  Weather 

1.  Higher  sea  states  and  winds  can  make  a  slick  more  difficult 
to  see  and  treat.  Spotter  aircraft  and  surface  markers 
are  especially  important  in  tracking  the  untreated  slick 
between  sorties  of  the  dispersant  aircraft.  Lower  flight 
elevations  and  more  path  overlap  would  be  helpful  in 
improving  application  efficiency. 

2.  Natural  dispersion  by  breaking  waves  and  turbulence  will  ' 
occur  at  a  more  rapid  rate  as  the  sea  state  increases.  At 
some  point  this  process  will  become  more  effective  than 
adding  dispersant,  and  dispersant  application  can  be 
terminated.  As  the  weather  subsides  look  for  reappearance 
of  oil  on  the  surface. 
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G.  Planning  Considerations 


1.  Time  Plans:  Figure  4.10  (Section  4.2.4)  shows  a  Time 
Plan  for  a  large  spill  in  which  the  bulk  of  the  dispersant 
is  contained  in  a  large  barge  sited  at  a  location  200  miles 
away.  The  application  aircraft  are  assumed  to  initially 
fill  their  tanks  from  a  land-based  supply  point  located 

a  considerable  distance  from  the  spill.  After  the  bulk 
supply  is  towed  to  a  nearby  staging  site,  shuttle  tank 
trucks  refill  the  planes  on  a  greatly  accelerated  schedule. 

The  times  involved  will  depend  on  the  type  of  aircraft, 
staging  site,  etc.  Further  details  on  flight  times, 
loading  times,  etc.,  are  included  in  references  (6)  and  (7). 

2.  Decision  Diagram:  Assuming  that  application  of  dispersants 
by  aircraft  is  desirable,  the  general  considerations  to  be 
made  in  determining  if  it  is  feasible  are  outlined  in 
Figure  4.12.  A  decision  guide  for  determining  the  desir¬ 
ability  of  using  dispersants  is  being  prepared  by  the  EPA. 

3.  Planning  Checklist:  See  Table  4.6. 
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FIGURE  4.12  AIRCRAFT  APPLIED  DISPERSANT  SYSTEM  CONSIDERATIONS 
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TABLE  4.6 


DISPERSANTS ,  AIRCRAFT-APPLIED  —  PLANNING  CHECKLIST 

1.  Assessment  completed  (see  Section  2. 41? 

Special  considerations  in  assessment: 

a.  Slick  thickness  (approximate). 

b.  Slick  area  coverage  and  distribution  (windrows, 
patches,  continuous  film,  etc.). 

c.  Projected  impact  areas  and  times  of  slick  arrival 
at  shorelines  or  other  environmentally  sensitive 
regions. 

d.  Location  of  sensitive  areas  (from  Action  Plans) . 

e.  Rate  of  slick  formation. 

2.  Estimates  made  for: 

a.  Time  available  for  application  to  prevent  resource 
damage? 

b.  Rate  of  dispersant  application  required  (examine 
properties  of  individual  EPA-accepted  dispersants. 
Ratios  of  dispersant  to  oil  may  vary  from  1:1  to  1:50, 
with  1:10  being  a  good  average  for  initial  planning, 
depending  on  the  dispersant  type) . 

c.  Number  of  aircraft  required  (examine  individual 
characteristics) ? 

d.  Number  of  tank  trucks  required? 

e.  Total  quantity  of  dispersant  required? 

f.  Fuel  requirements  for  aircraft? 

3.  Information  available  on: 

a.  Location  of  dispersant  storage  sites?  Distances 
involved? 

b.  Quantities/type  stored? 

c.  Response  time? 

d.  Location  of  suitable  airfields? 

e.  Fuel  sources? 
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4.  Selections  made  for: 

a.  Surveillance  aircraft 
.  number? 

•  type? 

b.  Dispersant  application  aircraft 
.  number? 

.  type? 

.  special  equipment  which  must  be  installed? 

.  fuel  quantity? 

c.  Staging  airport? 

d.  Tank  trucks 
.  number? 

•  type  (dispersant  or  fuel)? 

.  capacity? 

e.  Personnel  required 
.  aircraft  crews? 

.  aircraft  ground  crews? 

.  truck  drivers? 

.  dispersant  storage  area  pumping  crew? 

.  supply  personnel  (food,  etc.)? 

f.  Vessels  and  crews  (for  surveillance  and  inspection,  if 
weather  permits)? 

5.  Plans  made  for: 

a.  Obtaining  required  equipment? 

b.  Pattern  for  applying  dispersant  on  slick? 

c.  Schedule  for  resupply?  refueling?  crew  changes? 

d.  Documenting  operations? 

.  operations  log 

.  mapping  treated  areas 
.  recording  dosages 

.  updating  slick  location  and  configuration 


111 


.  determining  effectiveness  of  treatment  (visual, 
water  samples ,  infrared  or  other  electronic 
techniques  by  CG  surveillance  planes) 

.  photography 

Obtaining  required  permission  to  apply  dispersants  (EPA)? 
•  sampling  oil 

.  determining  effect  of  specific  dispersant 


Booming  of  environmentally  sensitive  areas? 

Use  of  spraying  vessels? 

Cleanup  operations  in  case  slick  proves  to  be 
sufficiently  unaffected  by  dispersant  treatment? 


4.2.6 


Approach :  Microbial  Elimination  of  Oil  Spills 


A.  Applications 

1.  Final  cleanup  of  oil  spills,  after  the  bulk  of  the 
oil  has  been  removed  by  other  means. 

B.  Description  of  Approach 

1.  The  following  components  are  required: 


a.  Microbial  agents:  All  microbial  agents  must  be 
accepted  by  the  U.S.E.P.A.  in  accordance  with 
Annex  X  of  the  National  Contingency  Plan. 

b.  Application  hardware:  Conceivable  application 
methods  include: 

.  Aircraft:  Conventional  crop  dusting  planes 
could  probably  be  adapted  to  apply  powdered 
agents . 

.  Vessels:  Vehicle-mounted  crop  dusting  equipment 
(;  could  be  used.  If  the  microbes  can  be  mixed 

with  water,  conventional  dispersant  spraying 
equipment  can  be  used. 

.  Hand-operated  machinery:  For  shoreline  or 

small  boat  application  (seeders,  hand-casting, 
etc . ) 

2.  Apply  the  agent  to  the  slick  in  the  presence  of 
adequate  aeration  (implies  application  to  relatively 
thin  slicks). 

3.  As  the  assimilation  process  is  very  slow,  booming  may  . 
have  to  be  employed  to  prevent  shoreline  contamination 
by  offshore  slicks. 


C.  Advantages 

1.  Achieves  natural  degradation  of  oil  to  non-toxic  waste 
products . 

2.  Achieves  cleanup  at  a  faster  rate  than  by  depending 
on  naturally  occurring  bacteria  (e.g.,  where  no  cleanup 
effort  has  been  applied  at  all) . 
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3.  Precludes  the  need  for  other  cleanup  equipment. 

4.  Rough  seas  can  aid  the  assimilation  process  by 
helping  in  the  oxygen  transfer  process. 


Disadvantages 

1.  The  processes  for  using  microbes  are  undeveloped  at 
this  time.  The  technology  is  still  basically  in  the 
R&D  stage. 

2.  The  process  is  very  slow,  at  best.  With  adequate 
nutrients  available  (nitrogen,  phosphorous) 

the  limiting  factor  in  the  assimilation  rate  would 
be  the  oxygen  transfer  to  the  slick  from  the  air. 

In  a  30-knot  wind,  for  example,  it  would  take  at  least 
2  to  3  days  to  assimilate  a  slick  125  microns  thick. 

Lower  wind  speeds  would  result  in  less  oxygen  transfer 
and  therefore  slower  assimilation  rates. 

3.  Microbe  costs  would  be  high:  At  a  1:80  application 
ratio  (10  lb.  agent  per  acre,  for  a  125  micron  slick), 
the  projected  microbe  cost  would  be  on  the  order  of 
$25,000,000  to  clean  up  a  100,000-ton  spill.  Significant 
quantities  of  agents  are  not  available  at  the  present 
time.  Therefore,  the  process  will  probably  be  limited 

to  the  treatment  of  small  spills. 

4.  Shelf  life  of  microbe  mixtures  is  not  unlimited. 


Planning  Considerations 

Because  techniques  for  large-scale  application  of 
microbial/nutrient  agents  have  not  been  developed,  no 
planning  guidelines  are  presented.  However,  many  of  the 
considerations  in  applying  dispersants  by  vessel  or  aircraft 
would-  probably  be  applicable. 


4.2.7 

Approach:  Slick  Burning 


A.  Applications 

1.  Burning  thick  slicks  of  low  viscosity  oil  in  calm 
water. 

B.  Description  of  Approach 

1.  The  following  components  are  required: 

a.  Igniters:  Flame  throwers,  napalm,  pyrotechnics, 
and  burning  projectiles  have  been  used  with  vary¬ 
ing  degrees  of  success.  Air  drop,  use  of  a  device 
such  as  a  tear-gas  canister,  rifle-launcher,  or  a 
catapult  can  be  used  for  delivery  of  the  igniter 
to  the  slick. 

b.  Wicking  agents:  A  number  of  wicking  agents  have 
been  tried,  among  them  being  straw,  porous  silica, 
porous  ceramics,  and  a  variety  of  buoy-type  float¬ 
ing  wicks.  Special  equipment  may  be  required  to 
apply  certain  types  of  agents  to  the  slick.  Blowers, 
hand  spreading,  or  similar  techniques  can  be  used. 

It  is  possible  that  an  oil-based  slurry  of  agent 
could  be  applied,  which  would  make  spraying  techniques 
usable,  and  would  provide  a  pre-wetted  wick  for  the 
slick. 

c.  Surveillance  vehicles  to  locate  suitable  patches 
of  oil. 

d.  Vessels  to  transport  the  wicking  agents  and  igniters 
(unless  air  drops  are  used)  to  the  spill. 

e.  Equipment  to  cleanup  the  unburned  residue  (booms, 
debris  handling  equipment) . 

2.  The  wicking  agent  is  broadcast  onto  the  slick  and  allowed 
to  wet  with  the  oil. 

3.  Igniters  are  dropped  onto  the  slick  to  ignite  the  oil. 

4.  The  unburned  oil  and  debris  are  collected  by  booms,  and 
cleaned  up. 

C.  Variations  on  Basic  Approach 

1.  Combustion  of  a  thin  slick  is  difficult  to  sustain 

because  the  heat  is  conducted  away  into  the  underlying 
water,  and  the  wicking  agent  cannot  easily  "draw"  oil 
from  a  thin  slick.  To  maintain  a  thick  pool  of  oil  for 
more  efficient  burning,  boom-like  containment  systems 
have  been  proposed.  These  are  still  in  the  development 
stage,  however,  and  they  have  not  yet  been  shown  to  be 
feasible  for  large-scale  use. 
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Advantages 

1.  Under  optimum  conditions  a  large  percentage  of  oil  can 

be  disposed  of  without  skimming  or  dispersant  application. 

2.  Burnable  debris  can  be  partially  disposed  of  in-situ. 
Disadvantages 

1.  Slick  burning  is  usually  difficult  to  sustain,  even 
in  calm  water. 

2.  A  large  amount  of  residue  is  usually  left  over  (a  typical 
result  from  an  application  of  wicking  agent  at  2  weight 
percent  of  an  oil  slick  yields  a  residue  of  wicking 
agent  and  tarry  solids  comprising  15  weight  percent 

of  the  weight  of  the  slick) .  This  residue  constitutes 
an  additional  pollution  problem  to  deal  with. 

3.  The  wicking  agent  must  be  replenished  as  it  becomes 
plugged  with  tars  and  residues. 

4.  Viscous  or  weathered  oils  may  not  burn  at  all. 

5.  Does  not  work  in  waves. 

6.  The  low  bulk  density  of  most  wicking  agents  requires 
large  volumes  to  be  handled  (on  the  order  of  25  percent 
of  the  slick  volume) . 

Planning  Considerations 

Because  a  successful  technique  for  burning  typical  oil 
slicks  has  not  been  developed,  no  planning  guidelines  are 
presented. 
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5.0  RESPONSE  EQUIPMENT  AND  SYSTEMS 


( 


This  section  provides  more  specific  information  and 
estimates  on  the  operating  characteristics  and  limitations 
of  the  specific  equipment  items  that  can  be  used  in  response 
operations.  The  topics  include  equipment  for  preventing 
pollution  from  vessels,  skimming  and  dispersing  equipment, 
and  common  equipment  such  as  oil  storage  containers,  work 
vessels,  etc.  Data  sheets  on  the  more  commonly  available 
items  are  also  contained  in  Appendix  H. 

5. 1  Portable  Pumping  Systems 

Table  5.1  lists  the  principal  characteristics  for  several 
portable  pumping  systems  that  have  been  designed  for  or  can 
be  used  for  cargo  pumping.  Most  of  them  are  available  in  the 
USA,  including  the  Framo  pumps.  Several  of  these  systems  are 
available  through  oil  pollution  control  contractors. 

The  pump  rate  comparison  column  in  Table  5.1  shows  the 
pumping  rate  at  one  head  and  for  water  only.  The  actual 
capacity  of  a  given  pumping  system  will  depend  on  the  oil 
viscosity,  elevation  difference  between  fluid  levels  (vessel 
tank  to  receiver) ,  and  hose  length  and  diameter. 

The  size  of  the  transfer  hose  will  probably  be  dictated 
by  availability.  The  length  required  will  depend  on  the 
juxtaposition  of  the  stranded  vessel  and  the  receiver.  The 
hose  pressure  rating  must  also  be  considered,  but  ADAPTS  pumps 
for  example,  operate  at  relatively  low  (50  psi  or  lower) 
discharge  pressures.  A  floating  hose  is  preferred  if  the 
distance  between  vessels  is  so  great  that  the  hose  must  be 
in  the  water.  Table  5.2  is  an  example  of  the  handling  capabil 
ities  for  different  size  hoses  of  different  lengths.  This 
table  is  based  on  a  flow  of  crude  oil  at  130°F  and  340  S.S.U. 
entering  the  hose  at  20  psi  with  no  elevation  difference 
between  inlet  and  outlet  fluid  levels.  Note  that  in  many 
cases  more  than  one  pump  discharge  could  be  transported 
through  a  single  hose.  Other  capacities  can  be  determined 
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b.  Diesel-electric 

2  Pump  Size  Diameter  -  overall  pump  diameter  which  determines  whether  pimp  will  fit  through  12.5- Inch  Buttervorth  fitting. 

*  Pump  Rate  Comparison  -  the  pumping  rate  In  gallons  per  minute  of  water  with  70  feet  of  head. 

*  Total  System  Weight  -  the  weight  In  pounds  of  the  major  system  components  (l.e.,  pump,  power  supply,  and  fluids  (fuel  and 
hydraulic  oil)).  Weight  of  hoses  Is  not  Included. 


for  various  viscosities  by  standard  methods.  Appendix  E 
presents  representative  pumping  capacities  for  the  ADAPTS 
10-inch  pump  as  a  function  of  hose  length  (Standard  6-inch 
ADAPTS  hose)  and  viscosity. 

TABLE  5.2  FLOW  HANDLING  CAPABILITIES  OF  VARIOUS 

HOSE  SIZES  (GPM) 


Hose  Lengths 


Hose  Size 

50' 

100' 

200' 

300* 

6" 

3000 

2300 

1600 

1300 

8" 

6500 

4800 

3300 

2700 

10" 

11000 

8000 

5800 

4700 

12" 

18000 

13000 

9000 

7500 

A  new  pumping  system  for  more  viscous  oils  is  being 
procured  by  both  the  Coast  Guard  and  SUPSALV.  These  units 
will  have  characteristics  similar  to  the  Framo  TK5  or  Prosser 
units. 

Other  pumping  systems  can  also  be  used  for  oil  or  water 
(ballasting)  pumping  in  certain  cases: 

.  Ship 1 s  pumps :  Actual  capacities  can  usually  be 
obtained  from  the  ship's  master  or  crew.  As  a 
rule  of  thumb,  the  total  pumping  capacity  of  a 
large  tanker  is  roughly  10  percent  of  the  dead¬ 
weight  tonnage  capacity  per  hour. 

.  Salvage  pumps:  These  de-watering  pumps  are  usually 
available  through  the  USN  SUPSALV  or  commercial 
salvage  companies.  Capacities  of  several  represent¬ 
ative  sizes  are  presented  in  Appendix  E. 


.  Positive  displacement  pumps;  These  pumps  are 
designed  to  pump  viscous  fluids,  but  are  not 
generally  available  as  complete  portable  pump¬ 
ing  systems.  Also,  size  and  weight  usually 

perclude  utilizing  these  pumps  as  submersible 
units.  Representative  capacities  as  a  function 
of  oil  viscosity  are  presented  in  Appendix  E. 

For  viscous  cargos,  or  for  cargos  that  have  cooled  consider 
ably  as  a  result  of  tanker  heating  system  failures,  externally- 
supplied  heating  systems  may  be  needed.  Such  systems  are 
usually  assembled  specifically  for  particular  salvage  operations 
and  are  not  available  off-the-shelf.  SUPSALV  has  had  experience 
in  this  area. 

5 . 2  Skimmers 

Table  5.3  shows  a  comparison  of  skimmers  that  have 
been  designed  for  harbor  or  openwater  use.  Small  open -water 
skimmers  are  not  included.  The  system  types  in  which  the 
various  skimming  systems  are  generally  used  are  indicated 
(see  Table  4.1  for  type  description),  as  well  as  the  basic 
skimming  mechanism  utilized  (Appendix  B) .  The  sea  state 
capabilities  are  for  the  most  part  based  on  engineering 
judgments,  product  literature,  experience  or  observations  on 
similar  equipment.  Factors  considered  in  the  sea  state 
assessment  include  the  following: 

1.  Performance  in  terms  of  processing  rates, 
efficiency,  etc. 

2.  Operational  control  of  the  integrated  system 

3.  Personnel  capabilities 

4.  Mobilization  and  setup  of  the  system 

5.  Support  logistics  during  operation 

6.  Reliability  of  equipment  and  systems 

7.  Long-term  environmental  effects 

8.  Survivability  in  higher  sea  states 

In  Appendix  H,  selected  product  literature  is  presented 
to  provide  additional  information  on  equipment  details. 
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Still  under  development.  Performance  may  be  optimistic  in  the  higher  sea  states. 


5.3  Containment  Booms 


Table  5.4  presents  the  characteristics  of  various 
containment  booms.  This  table  divides  the  booms  into  off¬ 
shore,  outer  harbor,  and  inner  harbor  types.  The  division 
has  been  made  somewhat  arbitrarily  according  to  the  overall 
height,  with  booms  up  to  24  inches  high  classified  as  inner 
harbor  types,  24  to  36  inches  generally  classified  as  outer 
harbor  types,  and  36  inch  and  over  classified  as  offshore 
types.  Some  overlap  can  be  expected  in  actual  performance 
capabilities,  as  indicated  by  the  estimated  performance/operation 
ratings  in  various  sea  conditions. 

The  performance/operation  rating  provides  a  separate 
indication  of  a  boom's  oil  containment  ability,  which  is 
primarily  a  function  of  freeboard,  draft,  wave  conformance, 
and  stability,  and  its  operatability ,  which  is  a  function  of 
its  deployment,  handling,  control,  durability,  strength,  and 
general  "seaworthiness"  characteristics.  A  low  rating  in  the 
ooeration  category  indicates  that  at  least  one  of  the  boom's 
operational  characteristics  is  objectionable,  and  the  boom 
should  be  carefully  considered  for  use  in  that  sea  state.  For 
example,  the  Navy  OOC  boom  is  durable  and  strong,  but  it  is 
very  heavy  and  difficult  to  deploy  and  handle,  and  requires 
a  long  lead  time  to  prepare  for  operation;  it  therefore  receives 
a  low  rating  in  all  sea  states. 

The  operational  ratings  are  also  based  on  relative 
operatability  in  the  sea  states  indicated;  i.e.  the  Coast 
Guard  OWOCS  is  a  good  choice  for  a  Sea  State  3  operation 
because  it  can  be  deployed  rapidly  and  is  generally  designed 
for  these  conditions.  It  is  not  necessarily  a  good  choice  for 
Sea  State  1,  however,  because  there  are  other  booms  that  are 
much  easier  to  handle  and  deploy  in  these  conditions,  and  that 
will  give  performance  as  good  as  the  OWOCS;  the  OWOCS  therefore 
receives  a  lower  rating  in  this  sea  state. 
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'Sec  NOTES  it  end  of  TABLE  S.4 


TABLE  5.4.  (Cont'd)  —  Outer  Harbor  Booms 


'See  NOTES  it  end  of  TABLE  5.4 
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The  booms  can  be  used  for  protecting  desired  areas 
(passive  responses)  or  for  slick  containment  to  aid  in 
skimming  (active  responses) .  Booms  that  are  being  considered 
for  use  with  specific  skimmers  should  have  similar  sea  state 
operating  capabilities  (see  Table  5.3). 

Details  on  some  of  the  more  desirable  booms  are  given 
in  Appendix  H. 

Towing  forces  depend  on  the  tow  speed  (generally  less  than 
1  knot  for  effective  containment) ,  boom  length,  mouth  opening, 
draft,  and  sea  conditions.  Various  references  can  be  used  to 
estimate  towing  forces.  ^  For  reference,  a  612-foot  long 
OWOCS  (27-inch  draft)  towed  with  a  400-foot  mouth  opening 
at  1  knot  in  a  Sea  State  3  would  have  an  average  towing  force 
(per  vessel)  of  approximately  6,400  pounds.  This  is  easily 
handled  by  most  buoy  tenders,  offshore  supply  boats,  offshore 
fishing  boats,  and  similar  vessels. 


5.4  Dispersant  Application  Systems 


Table  5.5  shows  compa'ritive  features  of  general  dispersant 
application  systems.  The  Warren  Spring  ,  Clean  Atlantic,  and 
Exxon  system  consist  of  spray  booms  and  pumps,  and  can  be 
mounted  on  any  suitably  sized  vessel  such  as  an  offshore 
supply  vessel,  small  tank  ship,  or  similar  vessel.  The  sea 
state  rating  assumes  that  vessels  of  these  types  are  used  to 
support  the  system  during  operation.  The  Water  Witch  and 
Combat  Cat  are  specific  vessel  types  with  dispersant  gear 
integrated  into  the  design. 

The  Globe  Air,  Inc.,  system  is  not  one  particular  system, 
as  several  different  aircraft  can  be  equipped  with  the  spraying 
gear.  The  treatment  rate  listed  in  the  table  represents  one 
of  the  largest  capacity  systems.  Almost  any  crop  spraying 
aircraft,  including  helicopters,  can  also  be  equipped  with 
suitable  tankage,  pumps,  and  nozzles  for  spraying  dispersant. 
Smaller  aircraft  can  only  provide  limited  treatment  rates, 
however . 
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TABLE  5.5.  DISPERSANT  SYSTEM  CAPABILITIES 
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5.5  Oil  Receiving  Vessels 


Separate  oil  receiving  vessels  are  required  for  off¬ 
loading  operations  and  for  certain  skimming  operations.  The 
characteristics  of  several  types  of  receiving  vessels  are 
shown  in  Table  5.6. 

Tankers  are  available  in  a  wide  range  of  sizes,  and  the 
size  needed  for  a  particular  operation  will  depend  on  several 
factors,  including: 

.  quantity  of  fluid  to  be  off-loaded  or  received 
.  available  water  depth  (limits  vessel  draft) 

.  manueverability  required  (may  need  tug  assist) 

.  facilities  available  for  transferring  cargo  to  shore 
.  sea  conditions 

Tankers  have  an  advantage  in  that  they  are  self-propelled, 
but  they  are  not  normally  available  on  a  quick  response  basis. 
Although  only  military  tankers  are  listed  in  Table  5.6,  they 
do  represent  characteristics  similar  to  many  smaller  commercial 
tankers . 

Steel  petroleum  barges  are  fairly  common  in  many  areas,  and 
are  available  in  a  wide  range  of  sizes.  Barges  to  be  used 
offshore  must  be  Coast  Guard  certificated  for  offshore  use.  Most 
barges  are  not  equipped  with  pumps.  If  it  is  desired  to  utilize 
a  barge  tank  for  oil-water  separation,  special  pumps  and  piping 
must  be  installed.  Also,  shelter  must  be  provided  if  operating 
personnel  are  required  on  board  (large  barges  sometimes  have 
shelter  already  installed) . 

Barges  have  a  disadvantage  in  that  they  must  be  towed. 

An  adequately  sized  tug  must  be  obtained  to  tow  the  barge, 
unless  the  barge  is  used  as  an  integral  part  of  the  system, 
such  as  in  a  barrier-skimmer  system  where  the  barge  is  towed  by 
one  of  these  components.  Usually,  a  satisfactory  tug  can  be 
provided  by  the  barge  leasor.  In  rough  seas  careful  control 
must  be  maintained  over  the  barge,  and  maneuverability  will  be 
limited.  Because  of  low  freeboard,  the  full  barge  storage 
capacity  can  probably  not  be  utilized. 
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Towed  flexible  tanks  (rubber  or  plastic)  are  limited  to 
relatively  small  sizes,  but  they  can  provide  a  rapid  response 
capability  for  off-loading  leaking  tanks  and  other  small-scale 
operations.  These  tanks  can  be  transported  to  the  casualty 
by  a  vessel  in  a  rolled  or  folded  condition,  and  then  deployed 
(partial  inflation  may  be  required) .  After  filling  they  must 

I 

be  towed  back  to  port  for  unloading.  However,  it  is  conceivable 
that  several  containers  could  be  filled,  moored  near  the  casualty 
site,  and  then  towed  to  port  all  at  one  time.  The  large  Caiman 
tanks  can  be  self-propelled  (outboard  motors)  for  use  around 
harbors . 

Make-shift  storage  capacity  can  be  installed  on  certain 
vessels,  such  as  by  temporarily  installing  deck  tankage  or 
pillow  tanks.  However,  this  approach  may  be  unsatisfactory 
because  of  stability  reduction  on  the  vessel,  or  because  of  the 
generally  limited  capacity  that  can  be  installed.  For  an  appli¬ 
cation  such  as  dispersant  storage,  such  methods  may  be  necessary. 

5.6  Work  Vessels 

Work  vessels  are  used  in  all  phases  of  pollution  response 
operations.  Applications  include  towing  of  booms  and  receiving 
vessels,  VOSS  or  dispersant  system  support,  personnel  transport, 
and  equipment  delivery  and  deployment.  A  wide  variety  of 
vessels  are  available,  although  obtaining  the  best  vessel  when 
it  is  needed  can  be  difficult  if  preplanning  has  not  been 
adequate.  Table  5.7  shows  the  characteristics  of  several 
vessels  representing  the  types  of  work  boats  that  might  be 
utilized  in  different  types  of  offshore  pollution  response 
operations . 

Vessels  of  over  160  feet  in  length  would  generally  be  able 
to  operate  or  survive  in  all  weather  conditions  in  which 
response  operations  might  be  carried  out  (up  to  Sea  state  5  or  6)  . 
Smaller  vessels  may  be  useful  for  limited  tasks,  but  vessel 


TABLE  5.7.  TYPICAL  WOfiKBOATS 


motions  can  become  severe  in  the  higher  sea  states  causing 
personnel  and  vessel  distress  (seasickness,  injury,  water 
on  the  deck,  slamming,  loss  of  steering  control  at  low  speeds, 
e  c.c . )  . 

Selection  of  a  vessel  for  a  particular  task  or  mission 
involves  determination  of: 

Vessel  characteristics: 

.  size  and  space  available  (for  equipment  installation, 
operating  deck  space,  etc.) 

.  speed/steering  capability  (  CP  propellers,  thrusters, 
etc . ) 

.  towing  capability  (winches,  bitts,  etc.) 

.  equipment  handling  capability  (A-frame,  davits,  hoists, 
winches) 

.  liquid  storage  capacity  (tankage,  room  for  temporary 
tanks,  stability) 

A 

.  limitations  on  types  of  liquids  that  can  be  stored 
(petroleum  cargos,  dispersants,  others) 

.  personnel  facilities  (other  than  for  normal  crew) 

.  general  "seaworthiness"  (length,  draft,  freeboard, 
stability,  etc.) 

.  communications/navigation  capabilities 
.  duration  time  on-site 

.  ability  to  operate  in  hazardous  atmospheres 

Availability: 

.  owner/operator 
.  prior  committments  of  vessel 
.  time  to  charter  and  move  to  staging  area 
.  willingness  of  owner/operator  to  cooperate 
.  liability  committments 

I  ') 
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Other  floating  platforms  can  also  be  used  for  special 
tasks.  For  example,  the  Coast  Guard  FDS  sled  can  be  used  for 
transporting  barriers,  skimmers,  and  other  equipment  to  be  used 
in  the  water,  directly  to  the  casualty  site.  Barges  can  also 
be  used  to  support  tasks  requiring  a  large  deck  area,  unusually 
heavy  equipment,  or  other  purposes. 
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APPENDIX  A 


(  Safety  Considerations 

In  order  to  evaluate  the  various  hazards  and  related 
safety  precautions  when  carrying  out  the  response  scenaria 
of  this  study,  a  brief  discussion  of  each  appropriate  hazard 
category  has  been  included  in  this  Appendix.  A  description 
of  the  hazard  is  followed  by  a  discussion  of  the  precautions, 
preparations,  and  equipment  needed  to  effectively  deal  with 
them.  The  descriptions  are  not  intended  as  a  complete  safety 
manual,  but  rather  as  a  means  of  highlighting  possible  problem 
areas  and  the  general  approach  to  controlling  them.  The  user 
should  make  reference  to  appropriate  reference  material  (CHRIS 
and  other  safety  manuals)  for  detailed  guidance  concerning 
hazard  abatement. 

The  hazard  summaries  are  preceded  by  a  matrix  of  Response 
Methods  vs.  Hazards,  which  points  out  the  summaries  appropriate 
to  the  response  method  utilized.  The  matrix  serves  as  a  quick 
V  guide  to  the  areas  of  primary  concern  as  well  as  a  checklist 

of  suggested  safety  considerations.  While  the  matrix  has  been 
made  to  be  complete,  the  possibility  of  hazards  outside  the 
indicated  areas  does  exist.  Supervisory  personnel  should  re¬ 
main  aware  of  any  unusual  environmental  or  procedural  factors 
which  may  create  unusual  safety  hazards  and  be  prepared  to  deal 
with  them. 

Details  of  Safety  Hazards 

Fire  Hazards 

1.  From  Explosives:  These  materials  are  those  that  may 
generate  highly  flammable  or  explosive  mixtures  with 
air,  and  can  be  easily  ignited  by  sparks  or  hot 
surfaces.  Included  in  this  category  are  gases, 
cryogenic  liquids,  liquids  with  a  flash  point  below 
ambient  temperature,  dusts,  and  mists  of  flammable 
liquids.  Gasoline,  naphtha,  LNG,  LPG,  and  light 
1  hydrocarbons  (penthane  to  octane)  are  some  common 

materials  with  this  volatility. 
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Extreme  caution  must  be  taken  in  the  presence  of 
these  materials.  Electrical  equipment  must  be  of 
the  appropriate  class,  tools  must  be  non-sparking, 
smoking  is  prohibited,  and  all  other  sources  of 
ignition  must  be  excluded. 

Fire  extinguishers  and  other  fire  treatment  systems 
will  generally  be  ineffective  with  these  materials, 
although  they  should  be  available  to  extinguish 
potential  ignition  sources. 

2.  From  Combustibles:  These  materials  include  those  that 
may  be  ignited  under  ambient  temperature  conditions. 
Such  materials  include  liquids  with  a  flash  point  less 
than  15°C  above  ambient  temperature,  solid  materials 
which  are  fibrous,  shredded,  or  granular,  and  solid 
materials  which  contain  available  oxygen.  Kerosene, 
light  crude  oils,  and  #1  fuel  oils  are  in  this  category 

Sources  of  ignition,  including  open  flames,  smoking 
materials,  overheated  equipment,  engine  exhausts,  and 
electrical  short  circuits,  must  be  avoided. 

Fire  extinguishing  systems  should  be  located  near 
operating  personnel  and  near  the  combustible  materials. 
They  should  be  of  a  type  appropriate  to  the  fire  hazard 
Personnel  should  be  trained  in  the  use  and  care  of  this 
equipment. 

3.  From  Burnable  Materials :  These  materials  include  those 
that  can  be  ignited  if  moderately  heated,  including 
liquids  with  a  flash  point  from  15  to  70°C  above 
ambient  temperature,  and  other  materials  which  can  be 
readily  burned  in  air  such  as  wood,  paper,  and  asphalt. 
Most  fuel  oils  and  crude  oils  are  in  this  range  of 
flash  point. 
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Open  flames  must  be  avoided,  smoking  allowed  only 
in  areas  clear  of  such  materials,  and  care  taken  to 
avoid  excessive  heat  in  the  vicinity. 

Fire  extinguishers  or  charge  hoses  should  be  located 
at  several  points  throughout  the  operating  area.  Pre¬ 
cautions  should  be  taken  for  avoidance  of  smoke 
inhalation  should  fires  occur. 

Explosion  Hazards 

1.  From  Shock  Sensitive  Materials:  These  materials 
include  those  that  are  capable  of  exploding  by  them¬ 
selves,  at  ambient  temperatures  and  pressures.  They 
may  be  sensitive  to  mechanical  and/or  thermal  shock. 
Blasting  caps,  detonators,  etc.,  are  in  this  group. 

Only  personnel  trained  in  the  safe  handling  and  use  of 
explosives  should  be  permitted  in  the  area. 

2.  From  Detonatable  Materials:  These  materials  include 
those  that  are  capable  of  exploding  if  exposed  to  an 
initiating  source,  or  if  heated  when  confined.  All 
blasting  materials  and  pyrotechnics  are  detonatable 
in  this  manner. 

Possible  initiating  sources  or  sources  of  heat  must 
be  kept  away  from  these  materials.  Means  for  cooling, 
such  as  water  deluge  hoses rshould  be  charged  and 
located  nearby.  Personnel  should  be  instructed  in  the 
necessary  precautions  to  be  taken,  and  only  personnel 
trained  in  the  use  and  handling  of  explosives  should 
work  with  these  materials. 

3.  From  Reactive  Materials;  These  materials  include  those 
from  which  explosive  materials  or  violent  reactions  may 
occur  upon  contact  with  water  or  with  other  common 
materials  (e.g.  diborane  and  water  or  nitrates  and  oil). 

Care  must  be  taken  to  avoid  hazardous  mixtures  of  these 
materials.  The  primary  precaution  is  thorough 
education  of  personnel  working  with  them. 


Personal  Health  Hazards 


1  *  From  Toxicity:  Materials  handled  can  cause  serious 
injury  or  death  upon  exposure  to  personnel,  through 
toxic  or  corrosive  properties. 

Reference  should  be  made  to  the  hazard  of  each 
specific  material  for  detailed  information  on  the 
type  and  degree  of  hazard  and  the  precautionary 
measures  to  be  taken.  The  CHRIS  manual  or  other 
appropriate  reference  sources  should  be  consulted. 

2.  From  Hypothermia:  Exposure  to  extreme  cold  and/or 
high  winds  could  result  in  hypothermia  (extreme  loss 
of  body  heat)  or  frostbite  (damage  to  exposed  skin 
from  exposure  to  cold) . 

Adequate  protective  clothing  combined  with  limitation 
of  exposure  to  cold  will  minimize  the  risk  of  hypo¬ 
thermia  or  frostbite.  Keeping  clothing  dry,  providing 
shelter  from  wind,  and  insuring  awareness  of  the 
difficulty  of  detecting  these  conditions  before  serious 
damage  has  been  done  are  additional  necessary  precautions 
that  must  be  taken. 

Environmental  Hazards 

!•  From  Cold  Climates:  Low  temperature  may  cause  hazards 
due  to  snow,  sleet,  or  icing  of  decks  and  equioment-. 

(See  also  Personal  Health  -  Item  2.)  This  hazard  is 
compounded  when  ship  motions  are  present  (see  2  below) . 

Precautions  to  be  taken  include  provision  of  life-lines 
and  hand-holds  throughout  the  operating  area.  Footgear 
with  non-slip  soles  will  also  make  icing  hazards  less 
severe.  Personnel  should  wear  Personal  Flotation 
Devices  at  all  times. 

* 

^ •  From  Ship  Motion:  Winds  and  accompanying  heavy  seas 
may  cause  ship  motion,  making  operations  hazardous. 

When  combined  with  rain,  snow,  or  ice  this  hazard 
is  much  more  severe. 
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Ship  motions  can  also  cause  motion  sickness  which  can 
be  hazardous  due  to  loss  of  ability  to  think  clearly 
as  well  as  significantly  reducing  operator  efficiency. 
Equipment  handling  and  deployment  are  difficult  and 
hazardous  in  these  conditions. 

Life-lines  and  hand-holds  should  be  provided  through¬ 
out  the  operating  area.  Personal  Flotation  Devices 
should  be  worn  at  all  times.  Medication  for  prevention 
of  motion  sickness  should  be  dispensed  under  the  super¬ 
vision  of  a  Medical  Officer.  Extreme  care  should  be 
taken  when  moving  equipment;  correct  rigging  procedures 
are  even  more  important  than  usual  when  heavy  seas  and 
ship  motions  are  present. 


) 
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APPENDIX  B 
Skimming  Mechanisms 

Brief  descriptions  of  typical  skimming  mechanisms  and 
the  ways  in  which  they  can  be  utilized  are  given  in  the  follow¬ 
ing  sections. 

Weir  Skimmers;  Several  skimmers  utilize  a  weir  to 
separate  a  thickened  oil  layer  from  the  underlying  water.  Wave 
conformance  of  the  weir  lip  is  extremely  critical,  and  this 
mechanism  is  best  utilized  in  skimming  barriers  where  the  support 
framework  (in  this  case,  the  barrier  itself)  conforms  well  to 
the  surface  in  higher  sea  states. 

Oleophilic  Disks:  This  skimming  mechanism  utilizes  disks 
that  rotate  in  a  thickened  pool  of  oil,  lifting  the  oil  from 
the  surface  where  it  can  be  scraped  off  the  disks  and  recovered. 
Oil  booms  are  required  to  thicken  the  oil  sufficiently.  Various 
hull-shaped  or  other  floating  devices  are  used  to  support  the  disk 
arrays  and  associated  machinery. 

Surface-Piercing  Oleophilic  Belt:  In  this  mechanism,  an 
endless,  rotating,  porous  (foam)  belt  dips  into  a  thickened  pool 
of  oil  and  removes  oil  by  sorbent  action,  while  water  drains  back 
to  the  surface.  This  mechanism  requires  a  heavy  supporting  struc¬ 
ture,  and  is  usually  employed  on  a  vessel  system. 

Dynamic  Inclined  Plane:  In  this  case,  a  non-porous 
rotating  conveyor- type  belt  is  not  used  to  collect  oil  directly, 
but  only  directs  the  oil  beneath  the  skimmer  to  a  collection 
chamber . 

Cyclonic  Separator:  This  mechanism  employs  a  cyclonic 
separator  attached  to  the  side  of  a  support  ship,  and  uses 
the  momentum  of  the  water  flowing  past  the  ship  to  separate  the 

oil  froin  the  water  encountered  by  the  device.  Other  devices 

> 
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have  separate  machanisms  for  generating  a  vortex,  but  the 
stability  of  the  vortex  is  a  problem  in  waves. 

SOCK  Skimmer:  The  SOCK  concept  is  to  have  a  covered 
oil  boom  arranged  on  each  side  of  the  vessel.  A  wide  opening 
is  maintained  by  a  rigid  framework,  which  also  provides  at¬ 
tachment  points  for  the  tow  lines.  The  cover  on  the  top  of 
the  boom  has  several  oil  suction  ports  to  remove  the  oil  as 
it  collects  near  the  back  of  the  SOCK,  which  also  serves  as 
a  wave  damper. 

Zero-Relative-Velocity  (ZRV)  Sorbent  Mechanisms;  ZRV 
systems  can  operate  at  high  forward  speeds  (3  knots),  because 
the  sorbent  lies  "stationary"  on  the  water  for  a  brief  period. 
These  systems  fall  into  three  classes  —  loose  sorbent  (foam 
cubes  or  thin  slabs)  continuous  rope  (MOP)  sorbent,  and  con¬ 
tinuous  belt  (foam  or  other  material)  sorbent.  Each  of  these 
concepts  solves  the  wave  conformance  problem  with  a  different 
degree  of  wave  compliance,  with  loose  sorbents  giving  potentially 
the  best  conformance  and  belt  sorbents  the  least.  Upon  removal 
of  the  sorbent  foam  from  the  oil  slick,  the  sorbent  is  squeezed 
out  and  the  oil  is  collected.  The  sorbent  is  then  returned  to 
the  water  for  further  oil  collection. 
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Stability  Calculations 

The  basic  calculations  for  determining  the  stability  of 
a  vessel  in  a  sound  or  damaged  state  are  included  in  this  Appendix. 
Sample  problems  are  provided  as  examples  of  the  calculation  method. 
The  following  areas  are  treated. 

1 .  Computing  GM 

2.  Computing  BM  (Metacentric  radius) 

3.  Shifting  weight  in  vertical  direction  (Trans.  Stab.) 

4.  Shifting  weight  in  athwartships  direction  (Trans.  Stab.) 

5.  Adding  or  subtracting  new  weight  (Trans.  Stab.) 

6.  Computing  angle  of  list 

7.  Loose  water,  free  surface  effect 

•  8.  Free  surface,  with  free  communication 

9.  Moving  weights  in  longitudinal  plane 

10.  Computing  change  of  Hm 

11.  Glossary  of  Terms  and  Symbols 

This  Appendix  was  taken  from: 

Fundamental  Salvage  Calculations,  U.S.  Naval  School  "Diving 
and  Salvage,",  compiled  by  Lt.  W.  R.  Bergman  USN  -  revised  by  Lt. 

E.  V.  Downey  USN,  1965. 
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IX.  Stability* 


Chapter  88  of  BUSHIPS  Technical  Manual  is  the  finest  text  available  on 
itability.  The  intent  of  this  guide  would  be  aborted  if  we  made  an 
excessive  review  of  all  phases  but  the  following  will  definitely  assist 
in  stability  salvage  computations. 


A,  Computing  for  GM, 


Transverse  Value 


Sample  Problem  ff  15 
Formula:  GM  -  /b.UU  X  b? 

V  Ti  / 


Note:  M  is  constant  for  all  ships 
b  =»  beam 

Ti  -  time  in  seconds  for  one  complete  roll  (Port 


| 

to  STB’d  and  Back) 


Given: 


Roll  time  -  10  sec 
Beam  -  35  feet 
GM  s/O.Ui  X  35^  2 

rm  v 


GM  -  (lM  2 

GM  =  2.37  f* 

As  a  fast  review  recall  the  successive  points  G  (center  of  gravity) 

B  (center  of  buoyancy)  M  (metacenter).  The  distance  GM  is  a  measure  of 
initial  stability  and  is  called  metecentric  height.  How  for  illustration 
let  us  put  a  small  list  qn  the  ship  (refer  to  Plate  ff  2)  you  will  note 
the  quantity  GZ  which  is  the  righting  am  or  the  tendency  of  the  sh^Lp  to 
right  itself,  it  will  vary  from  0  to  maximum  value  until  an  upsetting 
am  is  experienced.  Multiplying  the  righting  am  by  displacement  gives 
us  righting  moment,  * 


B,  Computing  BM  (metecentric  radius). 

Sample  Problem^fcl6 

Formula:  BM  -  -  *  - 

V 


Note:  I  »  Lb-* 

12 

V  ~  Volume  of  under  water  body 

Given:  Box  shaped  lighter  I 

L  =  75 

b  =  28 
Hm  =  6‘ 
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Work: 


I  =  75  X  283  »  75  X  22000  =  137,500 
12  12 

V  =  6  X  ?5  X  28  =  12,600 

BM  =  137,500  =  10.9 
12, 600 

C.  Shifting  weight  in  the  vertical  plane  frcn  a  lew  position  to  a 
higher  position  or  vice  versa. 

It  can  be  seen  that  moving  a  .weight  in  the  vertical  plane  will 
change  the  center  of  gravity.  Look  at  plate  #  3*  The  shift  of  gravity/ 
GG1  can  be  found  as  follows. 

Formula:  GG1  -  w  X  d 
W 

Sample  Problem  #  17 

Formula:  GG1  -  w  X  d 

W 

Note:  w  =  weight  moved 

d  -  distance  weight  moved 
V  ••  displacement 

Given:  w  s  10T 
d  -  20* 

W  c  ,1000  tons 

Work: 

GG1  -  10  X  20 
1000  " 

GG1  =  200 
1000 

GG1  =  .2  Ft. 

The  important  thing  to  notice  is  the  loss  of  righting  arm  GR‘  which 
decreases  GZ  for  the  entire  range  of  stability.  The  loss  or  gain  of 
righting  arm  can  be  expressed  as  follows. 

Formula  GR  -  GG1  X  sine  angle  X.  (lose  would  take  place  raising, 
gain  lowering) 

d.  Shifting  weight  in  the  atwart3hips  direction, 

w  X  d  ..... 

The  same  formula  GGL  3  K  is  used  but  the  loss  o*  righting  arm  is 

expressed  as:  ' 
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Formula!  GG1  X  cosine  angle  this  is  quickly  understood  by 
looking  at  Plate  if  U. 

E.  Adding  or  substracting  new  weight. 

The  easiest  way  of  figuring  this  problem  is  by  first  assuming 
that  you  placed  the  weight  at  the  center  of  gravity  the  G  would  remain 
the  same.  Then  proceed  as  we  would  for  a  vertical  at  transverse  weight 
movement.  However  you  can  see  we  have  added  weight  and  both  B  /  M 
will  change.  Lets  take  one  problem  and  not  compute  the  loss  in  right¬ 
ing  arm  as  we  did  before  but  compute  the  new  GM. 

Sample  Problem  #  18 

GG1  =  w  X  dk 


Note:  You  will  notice  the  similarity  to  the  other  formula  with  the 
exception  of  dk  which  is  the  vertical  distance  from  the  added 
weight  to  G. 


Given: 

w  -  500  tons 
W  -  11,500  tons 
GM  =  3.5  ft 


The  weight  is  added  Ul  ft  on  the  center  line  above  the  keel. 
EM  =  28.1  (Obtained  from  curves  of  form) 


Work:  GG1  =  w  X  dk 

/ 

W  -  w 


CGI  =  500  *  16.1,  „  ^ 

11,500  {  500  * 


Discussion: 


Where  did  16.U  come  from.  Distance  from  K  to  where  weight 
was  placed  was  Ul‘  KM  (28.1)  -  GM  (3.5)  =  KG  (2U.6)  now  G  to  weight  = 
1*1  -  2U.6  =  16.1* 

KG1  =  KG  (2U.6)  /  GG1  (.68)  o  25.28  /  25.3 
G1K1  =  KM1  -  KG1  ’ 

2.5  =  27.8  -  25.3 

F.  Computing  angle  of  list. 


The  time  will  come  when  we  desire  to  compute  the  angle  of  li3t 
by  adding  a  weight  of  the'  center  line* 

Sample  Problem-^  19 
Formula: 


Tan  of  the  angle  =  w  X  d 

(W  +  w)(GlXLj 


■New  GM 


Discu33ion:  V/hen  you  find  the  tangent  of  the  angle  proceed  to  the 
tangent  tables  and  extract  the  angle. 
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G,  Loose  water  free  surface  effect 


Thus  far  ve  have  talked  about  only  solid  weights*  What  about  loose  water 
or  free  surface  effect  by  partial  flooding  of  a  compartment*  Visualize  an 
off  center  compartment  half  filled  with  water,  as  the  ship  heels  this  water 
moves,  the  weight  shifts  and  cau.ses  a  shift  in  the  center  of  gravity.  This 
will  definitely  caiM't  a  I«.?s  in  our  righting  arm.  For  simplicity  we  will 
experience  a  ‘‘virtual  risV!  in  the  center  of  gravity  by  that  we  mean  this 
shifting  of  water  will  effect  the  righting  arm  the  same  as  if  G  had  act¬ 
ually  moved  upward  we  could  produce  the  same  effect  at  some  given  point* 

It  would  be  laborous  and  complicated  to  compute  each  and  every  loss  for 
many  different  angles  of  heel.  Therefore  we  have  used  the  "virtual  rise" 
method.  To  easily  compute* 


GOv  =  |- 


GGv  ■  v  =-hnr 


Sample  Problem  #20 
Formula* 

Note:  GGv  s  our  virtual  rise  of  gravity. 


I  -  is  our  now  familiar  moment  of  inertia,  in  this  case 
the  moment  of  inertia  of  the  free  surface  area  about 
its  own  fore  and  aft  axis, 

I  -  b^l  b  isthe  atwartship  breath  of  the  free  surface 
12  with  the  ship  upward. 

Procedure:  After  computing  the  above  the  loss  of  righting  arm  may  be 

found  by  this  formula 

GGv  X  sine  of  the  angle  of  list  on  heel. 

Note:  The  breath  of  the  compartment  isthe  key  factor  hence  a 

single  fore  and  aft  centerline  bulkhead  which  cuts  a 
compartment  in  two  will  quarter  the  free  surface  effect* 


H,  Free  surface  effect  with  open  ccmmuni cation  to  the  sea.  The  case 
will  arise  when  a  compartment  will  be  flooded  and  holed  to  the  sea  with 
water  rushing  in  and  out  alternately.  To  establish  the  "virtual  rise"  in 
gravity  and  the  corresponding  effect  on  stability  the  following  formula 
is  used. 


Sample  Problem  #  21 

2 

Formula  GGv  - 

V 

a  -  area  of  free  surface  in  square  ft. 
y  =  atwartship  distance  from  the  center  of  the  free 
surface  to  the  ship3  centerline. 
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I.  Moving  weights  in  longitudinal  plane.  Thus  far  we  have  only 
discus 3 ed^weighi  additions  in  the  transverse  plane  lets  now  discus? 
weight  movement  in  the  longitudinal. 

Sample  Problem  #  22 

Formula  i  Change  of  trim  -  Trimming  moment 

MT1 

Given*  Ha  =  19*  9" 

Hf  =  20*'  J" 

Hra  =  20* 

Move  5 0  tons  of  ammunition  300*  aft, 

MTl  -  1,9U0  foot  tons 
Work*  Moment  a  $0  X  300  =  15,000 

Change  of  trim  -  15,000  _  n  ,  , 

1  iffitT  ~  8  inche3 

Note:  Since  we  are  moving  the  weight  aft  the  trim  will  be  by  the 

stern. 


J,  Computing  change  of  Hm,  This  computation  comes  in  very  handy  in 
applying  parrallel  rise  or  sinkage  computations.  In  adding  and  3ubstracting 
weights  in  particular  flooding  and  deflooding  compartments, 

%  w 

Formula*  Change  in  Hra  w — * 

TPI 

w  —  Equals  weight  added  or  substracted 


) 


> 
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GLOSSARY  OF  TERMS  AND  SYMBOLS 


a  -  area  of  free  surface  in  square  feet 
A  —  area 

AGW  -  after  grounding  displacement 

AP  -  after  perpendicular 

b  —  beam 

B  —  center  of  buoyancy 

BGW  —  before  grounding  disolacement 

BM  —  transverse  netecentric  height 

BM1  -  longitudinal  netecentric  height 
Cb  —  block  coefficient 

Cm  -  midship  coefficient 

Cp  -  vaterplane  coefficient 

d  -  distance 

dk  -  vertical  distance  from  0  to  final  height  of  weight 
dn  -  neutral  point  distance 

dr  -  physical  distance  from  center  of  flotation  to  midpoint  of  actual 
grounding  point 

dw  -  distance  from  centur  of  flotation  to  where  weight  was  moved. 

F  -  force 

FP  -  forward  perpendicular 

G  -  center  of  gravity 

G1  -  new  center  of  gravity 

GGv  -  virtual  rise  in  center  of  gravity 

GM"  -  netecentric  height 

GMl  -  longitudinal  netecentric  height 

H  -  head  of  water 

Ha  -  after  draft 

Hf  -  forward  draft- 

Hn  -  mean  draft 

HmAG  -  mean  draft  after  grounding 

Hm3G  -  mean  draft  before  grounding 

I  -  moment  of  inertia 

K  -  keel 

KG  -  distance  from  keel  to  center  of  gravity 

KG1  -  new  distance  from  keel  to  center  of  gravity 
KM  -  distance  from  keel  to  jnetacenter 
XrO.  -  new  distance  from  keel  to  metacenter 
L  -  length 

L3  -  length  of  stiffeners  in  feet 

13?  —  length  between  perpendiculars 

LQA  -  length  overall 

M  -  metacenter 

Ml  -  new  metacenter 

MTI  -  moment  to  trim  one  inch 

IIP  -  neutral  point 

R  -  ground  reaction 

RY  -  tide  reaction 

T  -  ton3 

Ti  -  time  for  period  of  complete  roll 

TPI  -  tons  per  inch  immersion 
U  -  coefficients  of  friction 

V  -  volume 

V  —  displacement  -  A 

w  -  weight 

y  -  atwartship  distance  from  center  of  free  surface  to  the  centerline 
z  -  section  of  modulus 
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APPENDIX  D 


Grounding  Calculations 

The  basic  calculations  for  determining  the  ground  reaction 
of  a  stranded  vessel  and  the  factors  that  affect  ground  reaction 
are  included  in  this  Appendix.  Sample  problems  are  provided  as 
examples  of  the  calculation  procedure.  The  following  areas  are 
treated. 

1.  Ground  reaction  and  methods  for  determining: 

a)  Change  of  mean  draft  method 

b)  Tons  per  inch  immersion  (TPI)  method 

c)  Computing  ground  reaction  using  forward  draft 

readings . 

2.  Computations  of  TPI  and  MTI 

3.  Determination  of  the  neutral  loading  point 

4.  Tide  effects  on  ground  reaction 

5.  Glossary  of  terms  and  symbols 

Also  included  in  this  Appendix  is  a  table  of  average  vessel 
dimensions. 

The  grounding  calculations  were  taken  from: 

Fundamental  Salvage  Calculations,  U.S.  Naval  School  (Diving 
and  Salvage,"  compiled  by  Lt.  W.  R.  Bergman  USN  -  revised  by  Lt. 

E.  V.  Downey  USN,  1965. 

The  table  of  average  vessel  dimensions  is  based  on  a  table  taken  from: 

Emergency  Transfer  Systems  for  Disabled  Tankers,  Supervisor 
of  Salvage,  Naval  Ship  Systems  Command,  prepared  by  Murphy  Pacific 
Marine  Salvage  Co.,  contract  N00024-73-C-0273  (Task  74-11),  p.  32. 


in.  Ground  reaction  and  methods  for  determining. 


C  siaider  a  ship  moving  with  a  certain  speed  over  a  body  of  water  whose  sea 
bottom  is  gradually  shoaling.  If  the  ship  maintains  its  course  and  speed 

toward  the  shoal  at  some  point  in  it3  travel  the  keel  of  the  ship  will 

touch  the  bottom  from  this  point  of  contact  the  kinetic  energy  of  the  ship 
will  begin  to  expend  itself  in  two  ways.  First,  is  in  the  conversion-  into- 
frictional  energy  in  stopping  the  ship.  Second,  is  in  the  conversion  into 
potential  engery  in  raising  the  ship.  This  raising  of  the  ship  or  changing 
its  mean  draft  (Hm)  to  a  lower  value  isthe  effect  of  producing  ground  re¬ 
action  (R),  G  round  reaction  may  he  defined  as  how  many  ton3  aground  the 

vessel  is.  In  proceeding  we  will  assume  the  center  of  floatation  is  exactly 

amidships, 

A,  Change  of  mean  draft  method* 

This  i3  the  easiest  method  of  computing  ground  reaction.  Both  the  forward 
and  after  draft  readings  must  be  available  to  utilize  this  method.  Occas¬ 
ionally  such  conditions  a3  heavy  surf,  ground  swells,  and  extreme  counter 
design  at  times  render  this,  method  useless. 

Sample  Problem  §  2 

Formula!  R  —  BGW  —  AGW 

Assumed!  Curves  of  form  available 

.Procedure!  Take  Hf  and  Ha  and  compute  Hm  before  grounding.  Use  curves 
of  form  to  obtain  displacement.  Take  Hf  and  Ha  and  compute 
Hm  after  grounding.  Use  curves  of  form  and  derive  after 
ground  displacement. 

Given:  BGW  =  2100  T 

AGl-/  =  1850  T 
R  =  2100  T  -  1850  T 
R  =  250  T 

B,  TPI  Method: 

The  same  results  may  be  approximated  by  finding  the  product  of  the  change 
of  mean  draft  (Hm)  in  inches  and  the  value  of  TPI,  This  is  a  handy  method 
in  situations  where  the  curves  of  form  are  not  available,  nor  is  initial 
displacement  but  you  do  possess  a  rough  estimate  of  TPI, 


) 
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Sample  Problem  #  3 


Formula i  R  -  (HirSG  HmAG)TPI 

Given:  HmBG  -  10*6n  to  determine  how  much  pull  required, 

HmAG  =  9' 3"  multiply  tons  by  coefficients.  (Pg.  3 

TPI  =  20.2T 

Work:  R=  (10»6”  -  9'3")  20.2T 

R=  0-5"  )  20.2T 
R=  303T  <-  '' 

C,  Computing  ground  reaction  using  forward  draft  readiness 


Two  methods  of  computing  values  of  R  have  been  discussed;  in  each  of  these 
met'.cds  an  after  draft  reading  after  grounding  is  required*  In  the  majority 
of  stranding  situations  the  obtaining  of  an  after  draft  reading  is  virtually 
impossible  due  to  the  presence  of  ground  swells,  heavy  seas  breaking  over 
the  stern,  extreme  list  etc.  T  hese  situations  will  naturally  necessitate 
the  estimation  of  R  by  A-  method  utilizing  information  from  the  curves  of 
form  or  values  of  KTI  and  TPI  obtained  on  scene  which  will  be  discussed 
later. 


Sample  Problem  ff  U 


Formula* 


Given: 


Work: 


H  -  2,  KTI,  TPI,  change  in  Hf  in  inches 

*(2Nri)  /  (dr  .  TPI) 

HFBG  =  10’ 

HFAB  =  8 ' 

BGW  =  1680 
KTI  =  365’ T 
TPI  =  20T 

dr  =  100*  (This  new  term  dr  is  the  location,  in  feet,,  of  the 
point  of  ground  contact  to  the  midship  perpen¬ 
dicular) 

=  2  X  365  X  20  X  2U 


-  350  ,  too 

~  2,730 

R  ^  128T 


IV.  Computations  of  TPI  and  KTI 

The  novice  will  see  the  importance  of  the  values  of  TPI  and  KTI  in  salvage 
computations.  They  are  mandatory  math  tools  of  the  salvor.  Curves  of 
form  are  the  frosting  on  the  cake  and  many  tines  they  are  not  available  so 
lets  proceed  with  this  hypothesis  that  they  are  not  available.  First  look 
over  the  tabulated  chart  below.  These  coefficients  in  brevity  are  a  re¬ 
lation  of  the  actual  volume  by  shape  of  the  vessel  as  compared  to  the 
block  square  volumes  utilizing  beam,  height,  and  length  measurements. 


For  comparison  the  following  figures  are 

given* 

TYPE 

BLOCK  Ch 
COEFFICIENT 

MIDSHIP  Cm 
COEFFICIENT 

WATERPLANE  Cp 
COEFFICIENT 

Ocean  Liner 

.597 

.956 

.725 

Large  Cargo 

.775 

.992 

.848 

Larger  Tanker 

.757 

.978 

.845 

Great  Lakes  Freighter 

.874 

.990 

.918 

Yacht 

.565 

.938 

.724 

Harbor  Tug 

.585 

.892 

.800 

Destroyer 

.521 

.833 

.740 

Cruiser 

.573 

.820 

.714 

Lifeboat 

.600 

A.  Finding  TPI  with  physical  measurements  of  the  ship  and  the  stan¬ 
dard  table  of  ship  block,  midship,  and  waterplane  coefficients. 

Sample  Problem  #  5 

Formula* 

TPI  =  b  X  L  X  Cp 
420 

*  t 

Procedure*  First  find  at  the  waterline  of  the  stranded  ship  the  length 
and  the  beam  and  multiply  them  together  giving  you  the  area 
of  the  waterplane.  However  this  is  the  block  area  and  our 
vessel  has  a  taper  at  bow  and  stern.  Refer  to  the  standard 
table  of  ship  coefficients  and  select  under  the  Cp  colume 
for  the  vessel  you  are  working  with. 

Given*  Destroyer  type  ■* 

b  =  30 f 


420 

TPI  =  66  ) 

420 


TPI  =  15.85  Tons 
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B.  Computing  TPI  with  TPI  of  a  similar  ship  known.  This  TPI  of  a 
similar  ship  could  be  obtained  from  numerous  sources.  Either  before 
getting  underway  to  the  salvage  scene  or  on  arrival.  We  also  will  need 
to  know  the  length  and  beam  of  both  the  similar  ship  and  the  ship 
stranded/grounded. 

Sample  Problem  #  6 

Formula* 


Given* 


Works* 


Computations  of  MTI.  We  have  pretty  well  covered  TPI  lets  move  on  to  MTI. 
Computations  with  no  curves  of  form  available. 

C.  MTI  solution  with  TPI  known. 

Sample  Problem  #  7 

Formula  *  MTI  =  30  X  TPI2 

b 

Given*  TPI  =  12 
b  =  35 

Note*  The  figure  30  is  a  constant  for  all  ships 

Work*  MTI  =  30  X  (l2)2 
35 

MTI  =  30  X  144 
35 

MTI  =422Q 
35 


TPI (l)  =  TPI (2) 

(Note  use  of  1  and  2  are  not  math  functions  but  a  lab 
eling  of  two  ships  1  being  the  stranded  ship  and  2 
designating  similar  ship.) 

TPI (2) 

LI 
L2 
bl 
b2  - 

TPI (l) 

TPI (l) 

TPl(l)  =  12 ( . 95  X  1) 

TPI (l)  =  12  (.95) 

TPI (l)  =■ 11.45(T) 


=  12 
=  200 
=  210 
=  39 
=  39 
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MTI  =  123  T 


D.  MTI  solution  with  GM1  known 

Sample  Problem  #  8 

Formula*  MTI  —  GM1  X 
12L 

Note*  12  is  constant  for  all  ships 

Given*  W  =  2000 

GM1  =  80 
L  =  200 

Works*  MTI  =  80  X  2000 
12  X  200 

MTI  -  160.000 
24,000 

MTI  =  66.7  T 

Comment*  If  longitudinal  metecentrlc  radius  (BMl)  Is  known  it  is 
readily  seen  that  It  could  be  substituted  for  G-il  since 
they  are  approximately  equal. 

E.  Calculating  MTI  with  known  MTI  of  a  similar  ship  and  the  length 
and  beam  of  both- ships  known.  Again  this  is  a  simple  proportion  problem 
as  we  discussed  in  the  TPI  section. 

Sample  Problem  #  9 

MTI1  =  MTI 2  /LA2  x 

\L2/  b2 

MTI  2  =  80 
LI  =  200 
L2  =  205 
bl  =  40 
B2  =  40 

MTI1  =  80  [2QQ\2  X  Aq\ 

\2oo )  (aoJ 

MTI1  =  80  (.9506)  X  1 
Mn  =  76.2 


Formula* 


Given* 


Work* 
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F«  Computing  MTI  with  only  L  and  b  of  the  stranded  ship  known 

Sample  Problem  ft  10 

2 

Formula:  MTI  ~  L  b 

ToUt) 

Given:  L  ~  2C0 

b  -  30 

Note:  50lt0  constant  for  all  ships 

Work:  MTI  -  (200 )2  X  30 

55UO 

MTI  -  1,0000  X  30 

b'vuo 

MTI  -  12,00,000 
50U0 

MTI  -  238 T 

V.  Determination  of  the  neutral  loading  point, 

A  ship  may  be  aground  in  one  of  two  ways.  It  may  be  aground  along  its 
entire  length  or  it  may  be  only  partially  aground.  Depending  upon  circum¬ 
stances,  trimming  may  be  possible,  therefore  some  point  exists  along  the 
length  of  the  ship  where  weight  may  be  added  or  removed  without  changing 
the  magnitude  of  ground  reaction.  We  said  before  that  the  center  was  to 
be  considered  as  being  located  at  the  midships  perpendicular  for  our 
discussions,  I  ha  confident  that  you  realize  while  the  vessel  is  afloat 
this  point,  in  reality,  is  actually  located  either  forward  or  aft  of  the 
midship  perpendicular.  This  is  the  point  then  that  all  longitudinal  move¬ 
ments  of  the  vessel  evolve  about.  As  the  result  of  the  grounding  this 
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longitudinal  pivot  point  mu3t  3hift  to  a  new  location  as  a  direct  effect  of 
the  segment  of  force  R  tending  to  raise  the  ship.  This  new  pivot  point 
is  called  the  neutral  loading  point  (NP)  and  is  the  point  where  weight  may 
be  added  or  removed  without  affecting  the  ground  reaction. 


In  looking  over  the  above  sketch  we  can  see  that  if  weight  is  added  at 
R,  R  increases  by  the  amount  equal  to  the  weight.  As  the  weight  is  shif¬ 
ted  aft  and  closer  to  the  neutral  point  the  less  effect  the  weight  has  on 
Ri-  If  the  shift  continues  past  NP  going  aft  it  will  result  in  a  decrease 
of  R, 


Sample  Problem  #  11 

Formula:  dn  -  brTI-^ 

TPI.dr 

Givens  KTI  -  180  T 
TPI  -  1ST 
dr  =  30' 

L  =  200' 

„  ,  ^  -  180  X  200 

V/ork:  dn - - - 

15  X  30 

*,  =  36^000 

dn  =  80' 

VI,  Tide  effects  on  ground  reaction. 

In  most  Instances  when  a  vessel  is  stranded  she  is  in  a  position  where  the 
tide  may  cause  her  to  change  trim  as  she  rests  on  the  rocks.  It  is  there¬ 
fore  mandatory  to  determine  what  is  the  effect  of  tide  on  the  ground  re¬ 
action,  To  determine  the  change  of  R  due  to  rise  of  tide  it  must  be  re— 
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T 


membered  that  the  change  of  tide  occuring  at  the  actual  location  counts 
and  they  must  be  calculated  from  the  tide  tables  to  this  point.  In  over 
theoretical  simplication,  to  relate  trim  to  the  center  of  flotation, 
assume  that  the  ship  is  free  floating  and  that  the  rock  rises,  pushing 
the  ship  at  the  point  of  grounding  out  of  the  water  an  amount  equal  to 
the  rise  in  tide. 

Sample  Problem  #12 

„„  __  Y.TPI.MTI.L 

Formula.  BY  -  (^TI .J.  +  (tpI .dr*) 

Notet  Always  figure  Y  in  inches 

Given i  Y  =  24" 

Mil  =  200' T 
TPI  =  15T 
L  =  200’ 
dr  =  30' 


.«»  _  24.15.200.200 

Kl  —  —r— — -~-t - T~T . 


3.900) 


53,500 


TY  =  269T 
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GLOSSARY  OF  TERMS  AND  SYMBOLS 

a  -  area  of  free  surface  in  square  feat 
A  ~  area 

AGW  -  after  grounding  displacement 

AP  -  after  perpendicular 

b  —  beam 

B  -  center  of  buoyancy 

BCW  -  before  grounding  displacement 

BH  -  transverse  metecentric  height 

BM1  -  longitudinal  metecentric  height 
Cb  -  block  coefficient 

Cm  -  midship  coefficient 

Cp  -  vaterplane  coefficient 

d  -  distance 

dk  -  vertical  distance  from  G  to  final  height  of  weight 
dn  -  neutral  point  distance 

dr  -  physical  distance  from  center  of  flotation  to  midpoint  of  actual 
grounding  point 

dw  -  distance  from  center  of  flotation  to  where  weight  was  moved. 

F  -  force 

FP  -  forward  perpendicular 

G  -  center  of  gravity 

G1  -  new  center  of  gravity 

GGv  -  virtual  rise  in  center  of  gravity 

GM‘  -  metecentric  height 

GM1  -  longitudinal  metecentric  height 

H  -  head  of  water 

Ha  -  after  draft 

Hf  -  forward  draft- 

Hm  -  mean  draft 

HmAG  -  mean  draft  after  grounding 

HraBG  -  mean  draft  before  grounding 

I  -  moment  of  inertia 

K  -  keel 

KG  -  distance  from  keel  to  center  of  gravity 

KG1  -  new  distance  from  keel  to  center  of  gravity 

KM  -  distance  from  keel  to  metacenter 

Ki'H  -  new  distance  from  keel  to  metacenter 

L  -  length 

IQ  -  length  of  stiffeners  in  feet 

13?  -  length  between  perpendiculars 

LQA  -  length  overall 

M  -  metacenter 

Ml  -  new  metacenter 

KTI  -  moment  to  trim  one  inch 

NP  -  neutral  point 

R  -  ground  reaction 

RY  -  tide  reaction 

T  -  tons 

Ti  -  time  for  period  of  complete  roll 

TPI  -  tons  per  inch  immersion 

U  -  coefficients  of  friction 

V  -  volume 

W  -  displacement  “  A 

w  -  weight  J 

y  -  atwartship  distance  from  center  of  free  surface  to  the  centerline 

z  -  section  of  modulus 
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APPROXIMATE  TANKER  DIMENSIONS 


200/000 


APPENDIX  E 


Pump  Performance  Characteristics 

Several  graphs  of  ADAPTS  pumping  capacity ^  for  different 

pressure  heads,  discharge  hose  lengths,  and  oil  types  are  included 

in  this  Appendix.  A  graph  of  seawater  pumping  capacity ^  for 

ADAPTS  is  also  given.  A  graph  of  oil  viscosity  as  a  function  of 

temperature for  several  oil  types,  a  graph  of  pump  performance 
(2) 

degradation  as  a  function  of  viscosity,  and  a  graph  of  thermal 

decay  of  oil  cargos ^  for  various  tanker  classes  will  be  helpful 

in  evaluation  the  reduction  in  pumping  capacity  which  occurs  when 

cargo  heaters  fail.  A  final  table  of  common  salvage  pump  capa- 
(4) 

cities  in  tons  of  seawater  per  minute  is  provided  to  aid  in 
evaluating  ballasting  times. 


‘  References 

1.  Operating  Instructions  for  ADAPTS  Type  II  Pumping  Sub  System, 
vol.  I,  U.S.  Coast  Guard,  Ocean  Engineering  Div. ,  March  1963, 
pp.  (2-42) - (2-45) ,  2-49. 

2.  Mittleman,  J. ,  Cold  Oil  Pumping  Studies,  Naval  Coastal  Sys¬ 
tems  Center,  NCSC  TM209-78,  May  1978,  p.  19. 

3.  Emergency  Transfer  Systems  for  Disabled  Tankers,  Supervisor 
of  Salvage,  Naval  Ship  Systems  “Command,  prepared  by  Murphy 
Pacific  Marine  Salvage  Co. ,  contract  N00024-73-C-0273  (Task 
74-11) ,  p.  20. 

4.  Ship  Salvage  Notes,  U.S.  Naval  School,  "Diving  and  Salvage," 
Feb.  1968,  p.  287. 


E-l 


PRESSURE,  FEET  OF  LIQUID  PUMPED 


FLOW,  GPM 
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FIGURE  E,1 

SUBMERSIBLE  PUMP  AND  TRANSFER  HOSE 
.  PERFORMANCE  CHARACTERISTICS 
(AT  PUMP  RATED  SPEED  -  1750  RPH) 
NAVY  SPECIAL 
(95  S.S.U.  0  V30  °F) 


200  400 


FIGURE  E.  2 

SUB.MERSIELE  PUMP  AND  TRANSFER  HOSE 
PERFORMANCE  CHARACTERISTICS 
(AT  PUMP  RATED  SPEED  -  1750  RPK) 
CRUDE  OIL 

(340  S.S.U.  6  130  °F) 


FIGURE  E.  3 

SUBMERSIBLE  PUMP  AND  TRANSFER  HOSE 
.  PERFORMANCE  CHARACTERISTICS 
(AT  PUMP  RATED  SPEED  -  1750  RPM) 
BUNKER  "C" 

(700  S.S.U.  0  130  °F  ) 


FLOW,  GPM 


lOOOOfl 

50000 


TEMPERATURE  DECREES  FAHRENHEIT 


FICURE  -;E.6  performance  degradation 
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FIGURE  E.8 
SALVAGE  PUMP  CAPACITIES 


TO ns  per  minute 


10  Feet 


SUCTION  HEAD 
15  Feet  20  Feet 


One  ton  2240  lbs. 

One  gal  8.53  lbs. 

One  C.F.  64  lbs.  (sea) 

25  Feet 


10"  Pump 


TOTAL  }IEAD 


15  Feet 

12.2 

20  * 

11.9 

10.9 

25  " 

11.7 

10.8 

9.9 

30  " 

11.3 

10.7 

9.8 

6.8 

40  « 

10.7 

10.2 

9.3 

6.5 

50  " 

9.6 

9.45 

8.7 

6.0 

60  " 

8.00 

8.00 

'  7.7 

5.3 

70  " 

5.25 

5.25 

5.25 

4.6 

6  "  Pump 


25 

Feet 

5.7 

30 

n 

5.6  , 

4.9 

4.0 

3.01 

40 

ti 

5.5 

4.7 

3.9 

2.97 

50 

n 

5.1 

4.4 

3.7 

2.80 

60 

!» 

4.7 

4.0 

3.4 

2.63 

70 

ft 

4.0 

3.4 

2.9 

2.32 

3  "  Pump 


25 

Feet 

1.23 

1.09 

0.90 

30 

!! 

1.21 

1.04 

0.88 

0.64 

40 

If 

1.12 

1.01 

0.83 

0.63 

50 

II 

1.00 

0.86 

0.74 

0,60 

60 

If 

0.91 

0.72 

0.72 

0.56 
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APPENDIX  G 


Tug  Power  Requirements  for  Towing 

"In  estimating  the  power  required  for  the  towing  ship 
(ships)  it  will  be  sufficiently  accurate  to  take  the  towing 
resistance  of  the  dock*  i.e.,  the  tow  rope  pull,  as  1  lb.  per 
sq.  ft.  of  wetted  surface  at  a  speed  of  4h  knots.  This  varies 
only  slightly  according  to  the  molded  lines  of  the  dock ' s* under¬ 
water  body.  The  resistance  at  other  speeds,  up  to  a  certain 
limit,  will  vary  almost  directly  as  the  square  of  the  speed. 

Most  tugs  may  be  figured  as  giving  a  tow  rope  pull  of  about  one 
ton  for  every  100  ihp." 

In  heavy  seas,  3  times  this  estimated  pull  may  be  required. 


Taken  from: 

The  U.S.  Navy  Towing  Manual 

*This  paragraph  refers  to  the  towing  resistance  of  a  floating 
drydock.  It  will  serve  as  a  rough  estimate  for  towing  other 
vessels . 


APPENDIX  H 


Key  Response  Item  Data  Sheets 

Presented  here  are  commercial  data  sheets  on  many 
of  the  key  response  items  discussed  in  this  report.  These 
are  systems  that  appear  to  be  viable  and  are  currently  or 
soon-to-be  available  in  the  American  marketplace. 
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EMERGENCY  CARGO  PUMPS 


) 
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Framo 


TK5-pump. 

H  m  653  mm. 

0=  298  mm. 
(Butterworth  size 
Weight:  70  kgs. 
(Excl.  hoses). 
Weight:  130  kgs 
(Incl.  hydr  hoses 
Discharge  conn. 
125  mm.  Sandvii 
clamp  coupling 
for  alternative 
flange  adaptors. 


TECHNICAL  SPECIFICATIONS 


TK5  pump,  suitable  lor  most  chemicals  and  light  to  medium  viscosity  products 
Applications:  Emergency  discharge,  transfer  and  fire  fighting. 

Materials  exposed  to  cargo:  Stainless  steel  AISI  316  l  and  Teflon. 

Capacity:  190  m*/h.  against  70  mwc.  ref.  diagram 

Hydraulic  motor.  Axial  piston  design. 

Hydraulic  working  pressure:  320  bar. 

Hydraulic  oil  flow  130  l/min. 


FRAMO  patented  cofterdam/shafl  seal  arrangement  eliminates  contamination  risk. 
The  pump  is  supplied  with  18  m.  ot  consentrically  fitted  pressure  and  return  hydraulic 
hoses,  with  control  valve  and  snap-on  couplings. 


TKS-pump. 

H  55  680  mm. 

0  =  520  mm. 
Weight:  90  kgs. 
(Excl.  hoses). 
Discharge  conn. 
6"  Sealfast  male 
quick-coupling. 
Alternative  Hang 
adaptors  options 


Applications:  Emergency  discharge,  transler  and  dewatering 

Material  in  housing:  Coated  SW-resisting  aluminium. 

Material  in  impeller  Stainless  steel  AISI  316 

Capacity  500  mVh.  against  30  mwc. 

Hydrau'ic  motor.  Axial  piston  design. 

Hydraulic  working  pressure:  240  bar. 

Hydraulic  Oil  flow:  :210  l/min. 

The  pump  is  fitted  with  snap-on  couplings  for  connection  of  separate  pressure  and 
return  hydraulic  hoses. 

Dieselhydraulic,  selfcontained  powerpack,  for  operation  of  one  TK5  or  one  TK6 
pump  at  rated  capacity. 


Dieselhydraulic  Powerpack. 


L  «  2100  mm.,  B  =  800  mm,  H  =  1200 1 
Weight  IncL  oil  and  tuel  ready  to  start: 
1100  kgs. 


Exhaust: 

Instrument  and  controls 


The  powerpack  is  built  as  a  compact  portable  unit  with  skid  base  and  aluminium  frame. 


PERFORMANCE 


(Th«Of»ti 


SPECIFICATIONS 


Barret/ Hour 

1000 


Submersible  Pump 

Type  —  8-inch,  single  stage,  submersible 
turbine  pump,  hydraulically  driven 
Capacity  —  See  Curve 
Size  —  10"  OD  x  60”  long 
Weight  —  200  lb.,  including  drive  motor 


1500 


Hydraulic  Power  Unit 

Engine  —  4  cylinder  diesel,  air  cooled, 
manual/hydraulic  start 
Capacity  —  40  HP  at  3000  RPM 
Hydraulic  Pump  —  Fixed  displacement, 
vane  type 

Capacity  —  29  GPM  at  3000  RPM,  2000 
psi  working  pressure.  35  gallon 
hydraulic  reservoir 
Unit  Size  —  45"  x  48”  x  36” 

Unit  Weight  —  1100  lb. 


200  400  600  800  1000  1200  1400 

CAPACITY,  GALLONS/MINUTE  (WATER) 


Cargo  Hose 

Type  —  Lightweight,  fabric  reinforced  rubber  collapsible  discharge  hose  fitted  with  aluminum  quick 
connect  cam-type  end  fittings 
Size  —  6-inch  diameter,  50  feet  long 
Weight  —  115  lb.  per  50’  length,  including  end  fittings 
Pressure  Rating  —  75  psi  working;  275  burst 

Explosion  Protection  —  Double  wire  electrical  ground  In  hose  wall  f  w 


Hydraulic  Hose 

Size  —  1-inch  Inside  diameter,  80  ft.  per  section 
Weight  —  110  lb.  per  80  ft.  section 
Fittings  —  Quick  connect  type 

Pressure  Rating  —  2000  psi  working;  8000  psi  minimum  burst 


Handling  Gear 

Tripod  —  2  ton  capacity,  legs  adjustable  from  8  ft.  to  15  ft. 
Manual  Grip  Holst  —  3/4  ton  capacity  with  5/16”  wire  rope 
Combined  Weight  —  250  lb. 


STOPS  Hydraulic  Power  Unit 


Optional  Accessories 

Hose  Guide 
External  Fuel  Bladder 
Flow  Meter 
Pump  Flange  Adapter 
Pump  Booster  Adapter 


SEAWARD,  INC 


STOPS  Submersible  Pump  &  Tripod 


SELF-CONTAINED  TANKER  OFFLOADING 
PUMP  SYSTEM 


OIL  SKIMMERS 
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BENNETT  SKIMMERS 


Standard  Syatam 

The  bow  ramp  functions  as  a  variable 
height  weir,  by-passing  most  of  the 
incoming  water  underneath  the 
skimmer  and  allowing  only  the  sur¬ 
face  layer  of  oil  and  water  to  pass  into 
the  interhull  area.  This,  together  with 
the  operation  of  the  gill  doors,  has 
the  effect  of  reducing  the  interhulf 
flow  velocity  relative  to  the  skim¬ 
mer's  speed  through  the  water. 
Debris  is  filtered  out  of  the  incoming 
oil  and  water  by  a  sloped  screen 
which  facilitates  its  transfer  to  the 
debris  storage  rack.  (A  debris  con¬ 
veyor  may  be  fitted  instead  of  a 
screen.)  Oil  draining  from  the  storage 
rack  runs  into  the  interhull  collection 
area. 

The  oil  layer  flowing  through  the  in¬ 
terhull  area  next  comes  into  contact 
with  the  dry  belt  at  almost  zero  rela¬ 


from  the  squeeze  belt  by  a  scraper. 

For  very  heavy  oil  flows  the  secon¬ 
dary  weir  system  comes  into  action, 
trapping  any  oil  not  collected  by  the 
belt.  Oil  accumulates  underneath  the 
variable  height  weir  and  then  flows 
through  ports  into  the  sump. 

Unitised  System 

The  unitised  system  is  designed  for 
installation  in  existing  catamaran 
hulls  or  where  it  is  desired  to  raise  all 
interhull  skimming  equipment  out  of 
the  water  for  high  speed  transit.  It 
differs  from  the  standard  system  in 
that  the  leading  edge  of  the  scoop 
replaces  the  bow  ramp  and  the  flow 
control  vane  replaces  the  gill  doors. 
In  very  heavy  oil  flows,  oil  may  be 
pumped  directly  from  the  back  of  the 
scoop. 


tive  velocity,  since  both  are  moving  in 
the  same  direction.  The  belt  dis¬ 
places  the  oil  layer  beneath  the  sur¬ 
face  of  the  water  and  the  hydrostatic 
pressure  forces  the  oil  layer  into 
dose  contact  with  the  belt.  This  ac¬ 
celerates  absorption  of  low  viscosity 
oils  and  adsorption  of  high  viscosity 
oils.  (The  dual  absorptive  and  ad¬ 
sorptive  properties  of  the  belt  elimi¬ 
nate  the  need  to  modify  the  system 
for  changes  in  oil  viscosity.) 

Oil  removal  from  the  belt  is  carried 
out  through  the  perforated  squeeze 
belt  running  in  contact  with  the  main 
belt  around  the  head  roll.  Squeezing 
over  the  large  surface  area  of  the 
head  roll  keeps  the  main  belt  in 
compression  for  an  extended  period, 
ensuring  the  thorough  removal  of  all 
oil.  High  viscosity  oils  are  removed 


Fig.  5  STANDARD  SYSTEM 


Collection  belt 


Secondary  weir  system 


Weir  sump  suction  pipe 


Debris  storage  rack 


.Oil  ports 


Debris  screen 


i  jntertiull  bottom^wt'" 


Fixed  jnterhuir  bottom  > 

-•  -  •  r.  .  .  -  ,  •  ~  w- 


gill  door 


THROUGHPUT  EFFICIENCY  =  the 
quantity  of  oil  picked  up  by  the 
skimmer  expressed  as  a  percentage 
of  the  oil  presented  to  it.  (Sometimes 
referred  to  as  Oil  Recovery  Factor.) 

COLLECTION  EFFICIENCY  -  per¬ 
centage  of  oil  in  the  recovered  oil I 
water  mixture.  (Sometimes  referred 
to  as  Oil  Content  Factor.) 


BiNNSTT  V*  •  -  P*»to*ma-ce  Sea  State  1-2  -itn  c'udtM 
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Oil  Depth  I’nm) 


BENNETT  MARK  4  AND  6 


Mark  6  (1976) 


Mark  4  (1975) 


Mark  6D 

The  Mark  6  range  of  skimmers  has 
been  developed  from  the  successful 
Mark  4  unit.  The  Mark  6D  features  a 
central  diesel.'hydraulic  power  plant 
with  twin  overstem  hydraulic  prop¬ 
ulsion  units.  It  is  designed  for 
inshore/offshore  skimming  duties  up 
to  sea  state  3.  Large  deck  area  for 
auxiliary  equipment  storage.  Crane 
with  grapple  for  oversize  debris 
handling. 

Length:  42  ft  (12.8  m) 

Beam:  14  ft  (4.27  m) 

Speed:  5-10  knots 
Oil  recovery  rate: 

350  U  S.  gpm  (79.5  m3/hr) 

Oil  storage: 

2500  U.S.  gallons  (9.46  m3) 


The  Bennett  Mark  IV  Skimmer  is  a  self-propelled  unit  powered  by  two  GM  6V53 


engines 


Specifications. 


Length  Overall 
Beam 

Draft  -  Loaded 
Ballast  Pontoons  on 
Ballast  Pontoons  off 
Freeboard 
Shipping  Height 

Fower  -  2  G.M.  6V53  Diesel 
Engines  rated  at 
Porpulsion  and  Steering 
Design  Speed 
Pumpage 


(12.3  metres) 
(3 . 6  metres) 


(2 . 1  metres) 
(1.0  metres) 
(0 . 6  metres) 
(3 . 2  metres) 


240  H  P.  (2200  RPM) 
2  Schottel  360°  Drives 


7  Knots 

Moyno  progressive  capacity 
pumps 
Aluminum 


Construction 
Gross  Weight 
(shipping  configuration) 
Towing 


(15.4  metric  tons) 


lugs  provided  fore  and  aft 


* 
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CYCLONET  100 


Cyclonat. 100  is  designed  for  slick-skimming  operations  in  the  open  sea. 
It  consists  of  two  one-meter-diameter  Cyclonets  which  may  be  mounted 
on  either  side  of  moderately  sized  vessels  such  as  trawlers,  small  oil 
tankers,  etc.  Maximum  flow  of  oil  mixture  removed  is  180  m3/hr  (this 
is  maximum  discharge  of  pump  provided).  Ship  speed  may  lie  between  3 
and  10  knots. 


2.  Lowering  two  Cyclonet  100s  into  position. 

3.  Dynamic  Cyclonets — schematic 

1.  Screen  2.  Inlet  3.  Separation  in  cyclone 
4.  Clean  water  5.  Oil. 


FRAMO 


Dredge  pump  fitted  on  the  extension  arm  for  recovery  of  contaminated 
sand,  reed  etc.,  or  dredging. 


Recovery  unit  in  parked  position.  Discharge  of  recovered  oil  by  the 
portable  submersible  pump. 


Pumpwell/weir  In  upper 
position.  All  oil  being  carried 
over  adhesion  discs. 

V&Pd'j&ctP  -»  Maximum  capacity  abt. 

i 100  m'/h 


Pumpwell/weir  in  middle 
position.  Accumulated  oil 
gravitating  over  the 
barrier.  Surplus  oil  under 
guiding  vanes  being 
flushed  over  the  barrier. 


Pumpwell/weir  in  lower 
position.  Surface  oil  layer 
gravitating  directly  into 
pumpwell.  Conveyor  effect  of 
recovery  drum  improving  the 
flow  of  oil  over  the  barrier. . 


Fferformance 


The  ACW-400  is  designed  for  operation  under  sea-state  4-5  Beaufort, 
with  significant  waves  of  2-3  m.  Based  upon  the  results  achieved 
during  the  operation  at  Ekofisk  in  May  1977,  the  system  was  approved 
by  the  Norwegian  Authorities  for  the  North  Sea  contingency  maintai¬ 
ned  by  the  f  ield  operators  clean  seas  group. 


The  ACW-400  will  handle  light  diesel  oil  as  well  as  emulsified,  cold  and 
viscous  crude  and  bunker  fuel.  The  recovery  arrangement  can  be 
adjusted  from  a  closed  adhesion  system  for  the  light  diesel  film  to  an 
open  flow  high  volume  weir  system  which  on  heavy  layers  is  limited  by 
the  transfer  pump  capacity  only. 


The  great  advantage  is,  however,  achieved  through  the  combination  of 
the  systems.  In  addition  to  the  adhesion  function  the  recovery  drums 
have  a  conveyor  effect  and  accumulate  oil  ahead  of  the  adjustable  weir 
barrier.  This  forces  the  water  level  down  and  create  a  heavy  layer  which 
gravitates  over  the  weir  with  minimum  water  content.  The  surplus  oil 
being  accumulated  under  the  guiding  vanes  will  then  also  be  flushed 
over  the  weir  and  eliminate  clogging. 


Operational  conditions  Capacity/head  Watercontent 

beyond  emulsion 


Viscosity  1 00  C.  Stoke 

1  Oi!layer20cm. 

Oil  layer 2,5 cm. 

400m3/h-35mwc. 

60m3/h-45mwc. 

Max.  20% 
Max.  10% 

Viscosity  500  C.  Stoke 
Oil  layer 20 cm 

Oil  layer  2, 5  cm. 

250  m3/h-40mwc. 
100m3/h-45mwc. 

Max.  15% 
Max.  10% 

Viscosity  1 500  C.  Stoke 
Oil  layer  20 cm. 

Oil  Iayer2,5cm. 

150m3/h-35mwc. 

100m3/h-40mwc. 

Max' 10% 
Max.  15% 

FRAMO  (Contd.) 


The  system  includes  a  portable  submersible  pump 
primarely  intended  for  discharge  and  transfer  of  the 
collected  oil.  This  pump  is  designed  for  entering  tanks 
through  butterworthsize  openings  and  is  also  excellent  fo' 
emergency  offloading  of  disabled  vessels  to  prevent 
pollution.  Being  made  from  stainless  steel  the  pump  can 
handle  both  oils  and  chemicals,  and  lowered  into  the  sea  it 
can  feed  fire  monitors  at  9  bar.  The  pump  is  hydraulically 
driven  from  the  powerpack  on  the  recovery  unit.  This 
powerpack  can  easily  be  disconnected  for  separate  use 
with  the  portable  pump. 

As  optional  the  extension  arm  can  be  fitted  with  a 
hydraulically  driven  dredge  pump  for  recovery  of 
contaminated  sand,  mud  or  reed  with  solids  of  o  100  mm. 
This  mini  dredge  arrangement  is  also  recommendable  for 
regular  harbour  and  canal  maintenance  work. 


he  FRAMO  ACW-400  Is  designed  for  hlghvolume 
acovery  of  oil  contained  in  booms  on  water.  A  new 
ombination  of  weir  and  adhesion  skimming  principles 
mproves  the  overall  efficiency  and  is  particularly  advan- 
ageous  for  handling  of  high  viscosity  emulsified  oil. 

"he  ACW-400  is  a  selfcontained  unit  that  can  be 
nstantly  installed  on  a  wide  range  of  vessels  from  harbour 
ugs  and  ferries  to  offshore  supply  vessels  and  tankers. 

Tie  recovery  operation  at  Ekofisk  during  the  «Bravo»  blow- 
iut  proved  successful  operation  from  an  offshore  supply 
essel  in  sea  state  4-5  Beaufort. 


The  recovery  system  is  controlled  by  one  man  from  an 
iperation  cabin.  The  skimmer  head  is  mounted  on  a 
'lydraulically  balanced  extension  arm  which  incorporates 
ioth  oil  transfer  and  hydraulic  transmission  lines,  thus 
iliminating  all  hose  handling  problems.  From  parked 
position  on  the  deck  the  skimmer’s  head  is  launched  and 
jositioned  in  the  oil  slick  by  the  extension  arm.  When  in 
sosition,  an  automatic  load  compensation  system  is 
jngaged  allowing  the  arm  and  the  head  to  follow  the  main 
wave  movements  at  an  ideal  stable  skimming  draught.  The 
skimmer  head  can  be  moved  sideways  and  the  extension 
adjusted  independant  of  the  automatic  vertical  movement. 
The  skimmer  head  can  be  lifted  back  on  deck  in  seconds 
allowing  the  recovery  vessel  to  retreat  immediately  if 
'equired  in  emergency. 


SKIMMER  HEAD 


UNIVERSAL  JOINT 


RECOVERY  ORUM 


'WATER  LINE 


PONTOON 


GUIDING  VANES  1  N  TRANSFERPUMP 

The  complete  selfcontained  powerpack  can  be  disconnected  for 
emergency  offloading  operations  etc.  All  hydraulic  connections  are 
fitted  with  valved  snap-on  couplings. 

The  skimmer  head  is  constructed  In  SW-resisting  aluminium.  Four 
recovery  drums  with  discs  are  assembled  in  a  square  configuration 
outside  the  adjustable  weir/pumpwell.  All  functions  are  hydraulically 
operated  and  adjusted  from  the  operator  cabin. 


The  recovery  unit  is  assembled  on  a  steel  base.  Prior  to  operation  the 
base  must  be  welded  or  bolted  to  the  deck. 

In  parked  position  the  arm  and  the  skimmer  head  is  secured  on  the 
base  and  the  complete  ready  to  start  unit  can  be  transported. 

Overall  dimensions:  L  =  6,8  m,  H  =  3,4  m  B  =  2,5m 
Total  weight:  7.000  kgs 

Operator  cabin,  powerpack  and  the  extension  arm  with  skimmer  head 
are  mounted  on  a  swing  loader  body. 

Prime  mover:  Oiesel  or  electric  160  HP 

Hydraulic  system  pressure:  Max.  250  kp/cm2 

Arm  extension :  Max  10,5  m 

Max.  base  level  above  water  line:  3  m 

Initial  lift  impulse  (toad  compensated  arm):  60  kp 

Loader  body  swing :  360* 


Drum  speed :  0-30  rpm. 
Pump  speed:  0-2000  rpm. 
Weir  level:  Water  line - 

Material :  A57S. 


The  skimmer  head  is  connected  to  the  extension  arm  by  a  universal 
Joint.  All  hydraulic  connections  are  by  valved  snap-on  couplings. 
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OFFSHORE  OIL  RECOVERY  VESSELS  - 
100  LT  TO  750  LT,  OIL  STORAGE  10,000  TO  70,000  GALLONS 

Double  chined  displacement  hulls  amply  powered  with  twin  propulsion  systems  provide  high  cruising 
speeds  and  excellent  seakeeping  characteristics.  The  bows  are  arranged  to  be  opened  during  oil  recovery 
operations  and  closed  while  transiting  or  operating  as  work  boats  and  supply  vessels. 


DIP  CONCEPT 


Dynamic  Inclined  Plane  (DIP)  Recovery  Systems  col¬ 
lect  oil  by  forcing  it  under  the  surface  of  the  water. 
Oil  follows  the  surface  of  the  moving  inclined  plane 
to  a  collection  well  underneath  the  unit.  Buoyant 
forces  cause  the  oil  to  naturally  separate  in  the  well 
where  it  forms  a  deep  oil  pocket.  Water-free  oil  is 
pumped  from  the  top  of  the  well  to  storage. 


collected  oil 


flow 

control 

plat* 


aid*  plates 


bottom  plate 
collection  xone 


UNIQUE  FEATURES  INCLUDE 


9  The  ability  to  harvest  any  floating  material,  including  debris  and  sorbents,  without 
changing  the  recovery  system  configuration. 

9  Automatic  oil/water  separation  so  that  the  recovered  oil  is  transferred  water  free. 
No  water  is  added  by  the  pickup  process. 

A  rugged,  long-life  belt,  that  uses  natural  forces  to  transport  the  oil  to  the 

•  collection  well.  No  absorbent,  or  flow-through,  principles  are  required. 

•  Recovery  may  be  performed  at  speeds,  or  in  currents,  between  0  and  3  knots. 

•  Excellent  performance  in  waves  since  the  oil  is  collected  under  the  unit. 


SCIENTIFIC  CORPORATION 


2  Jewel  Drive  Wilmington,  Mess.  01887  Tel.  (817)  657-4170 
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SYSTEM  CHARACTERISTICS 


60  GPM  P  1  knot 


Hull 

Length 

Beam 

Haight 

Drift 

Weight 

Oil  Storage 


Marine  Grade  Aluminum 

IT 

TT 

fflO r 


90%  9  1-2  knots 


4000  lbs 
15C  U.S.  Gallons 


Effective  Oil 

;  '  ■  *  Collection  Speed 
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0-2  knots 


Recovery  Systems  are  made  under  one  or  more  of  the  following  US.  Patents:  No.  3,716,142  3,804,251  3,926,812 


Oil  Collection  Well 


JBF  DIP  3003 


DIP 3003  LARGE  OIL  SKIMMER 


Onboard  Oi*  Storage 


Onboard  Oil  Storage 


Propulsion  Unit 


Moving  Plane 


SYSTEM  CHARACTERISTICS 


Hull  Marine  Grade  Aluminum 

Length  38’ 

Beam  IV 

Draft  4'8" 

Weight  16  LT 

Oil  Storage  4000  US  Gallons 


L. 


450  gpm 


Oil  Recovery  Rate 
%  Recovered  in 
one  pass 

%  Water  in 
Recovered  Oil 

Effective  Oil 
Collection  Speed 


450  gpm 
90%  @1-2  knots 


0-3  knots 
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DIP  5001  /lOO  LT  OIL  RECOVERY  VESSEL 


. V**  — 

■  r  .  .• 


•  ;  i  *-'T>  *  .  • 
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Forward 

Control 

Station 


Oil  Concentration 


Sweep* 


Bow  Doors  Open 


for  Oil  Skimming 


/  /7 


0  G  Id 


JBF  DIP  500V 


17 


^  I 


Outbound  Profit* 


SYSTEM  CHARACTERISTICS 


Hull 

Steel 

Draft,  Ready  for  Sea 

y 

Electric  Power,  Each  Generator 

25  KW 

Displacement  (Fully  Loaded) 

100LT 

Draft,  Full  Load 

6’ 

Cargo  Capacity 

10,000  gal. 

Length  Overall 

68’ 

Horsepower,  Total 

500 

Recovery  Rate 

550  gpm 

Length,  Designed  Waterline 

65’ 

Fuel  Consumption, 

%  Recovered  in  One  Pass 

90  @  1-2  kno 

Beam,  Molded 

17’ 

Full  Power 

28  GPH 

%  Water  in  Recovered  Oil 

<  1% 

Depth,  Molded 

9’ 

Cruising  Range 

300  mi. 

Effective  Oil  Collection  Speed 

0-3  knot* 
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OPERATING  CONFIGURATION 


LOCKHEED  OWORS 


X  9 


8534  MM 


SHIPPING  SIZE: 


2080  MM  X  2565  MM  x  8534  MM 
(6  FI  10  IN  x  8  FT  5  IN.  x  28  FI) 


7925  MM 
(26  FT) 


~ r 

1524  MM 
(5  FI) 


SECTION  A-A 


3500  MM 
(II  FI  6  IN.) 


2565  MM 
(8  FT  S  IN.) 


_  I  I  1702  M 

**  (5  FI  7  I 

m 


WATER  UNI 
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LOCKHEED  OWORS  (Contd.) 


OPERATIONAL  TESTING 


The  CLEAN  SWEEP*  Type  4000  has  unusual  struc* 
tural  credentials  for  operation  and  survival  under  se¬ 
vere  sea  conditions.  The  system  is  capable  of  operat¬ 
ing  efficiently  in  any  North  Sea  sea  state  in  which  it 
would  be  expected  to  recover  spilled  oil.  (A  turbulent 
sea  that  mixes  the  oil  with  the  sea  water  or  causes  it  to 
sink  below  the  surface  would  make  recovery  impossi¬ 
ble;  so  would  a  sea  state  so  severe  that  the  support 
crew  could  not  function  )  The  Coast  Guard  unit  was 
successfully  towed  in  a  Sea  State  5  at  14.8  km /hr 
(8  knots)  with  5-meter  (16-foot)  seas  and  74 -km /hr 
(40-knot)winds.  The  unit  survived  long-term  exposure 
to  these  conditions  and  returned  to  operations  with¬ 
out  repair.  It  is  the  only  oil  recovery  device  on  the  mar¬ 
ket  that  has  been  proved  in  these  severe  conditions. 


Oil  recovery  performance  testing  has  been  conducted 
with  outstanding  results.  In  one  case,  more  than  3,780 
liters/min  (1,000  gpm)  of  75-mm  (3-in.)-thick  1,500  cSt 
black  oil  was  recovered  in  610-mm  (2-ft)  waves  at  tow¬ 
ing  speeds  of  3.7  km/hr  (2  knots).  In  another,  more 
than  378  liters/min  (100  gpm)  of  0.25-mm  (0.01-in.)- 
thick  light  lubrication  oil  was  recovered  in  calm  water 
at  3.7-km/hr  (2-knot)  speed.  The  unit  is  on  station  for 
duty  in  case  of  casualty  oil  spills.  In  competitive  test¬ 
ing  against  other  devices  under  a  wide  range  of  con¬ 
ditions,  the  Lockheed  CLEAN  SWEEP  disc-drum  sys¬ 
tem  was  the  undisputed  winner. 


PERFORMANCE 


Oil  recovery  performance  depends  on  the  rate  at  which  spilled  oil  is  encountered.  The  accompany¬ 
ing  graph,  based  on  extensive  test  data,  shows  the  optimum  amount  of  oil  recovered  as  a  function 
of  current  speed,  oil  layer  thickness,  and  oil  viscosity.  The  operator  achieves  maximum  recovery 
rates  by  controlling  such  variables  as  drum  rotation  speed  and  heading  relative  to  current.  - 

x-  ^  ‘  i  '  •■*•'• 

-  1,500  . - 1 - i - i - i  I - , - — - ■ 


CURRENT 

(ENCOUNTER  RATE) 


OIL 

THICKNESS 


0.0  KM/HR 
(0.0  KNOTS) 


1.85  KM/HR 
(1.0  KNOTS) 


10  100  1,000  10,000 
VISCOSITY  (CENTISTOKES)  • 


SUPPORT  EQUIPMENT 


Because  the  CLEAN  SWEEP  Type  4C00  recovers  more 
than  95  percent  oil  with  less  than  5  percent  carryover 
of  free  water,  the  system  requires  no  centrifuge  or 
separator.  It  does,  however,  need  a  large-capacity 
facility  to  contain  the  oil  it  recovers.  Under  ideal  con¬ 
ditions,  up  to  4,500  liters/min  (1,200  gpm)  can  be  re¬ 
covered  at  a  major  spill.  This  equates  to  1,700  barrels 
per  hour  or  40,000  barrels  per  day,  which  must  be 
stored  by  the  service  craft.  The  same  craft  can  con¬ 
trol  the  operation  of  several  Type  4000  machines  de¬ 
ployed.  Smaller  support  craft  are  required  to  adjust 
the  booms,  maneuver  the  Type  4000  units,  and  to 
serve  as  facility  coordinators  for  the  on-scene  com¬ 
mander  on  the  support  craft. 
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MARCO  SKIMMERS 


MARCO  SKIMMERS 


How  the  Marco  FILTERBELT  system  operates 


POWERED  DRIVE 


US  «  FOREIGN  PATENTS  PENDING 


FILTERBELT  conveyor  mounted  between 
catamaran  hulls  is  a  flow-thru  system.  Water 
induced  by  the  advance  of  the  skimmer  and 
the  force  of  the  induction  pump  freely  passes 
thru  the  patented  FILTERBELT  made  of 
oleophilic  porous  material  with  tough  nylon 
and  bronze  open  backing.  Oil  attached  to  the 
strands  of  the  FILTERBELT,  and  thick  oil 
and  debris  riding  on  the  FILTERBELT,  are 
conveyed  to  the  deck  level,  where  they  are 
separated  and  stored  for  offloading. 
Induction  pump  draws  oil  to  skimmer  and 
FILTERBELT  at  up  to  1  knot  while  vessel  is 
in  stationary  mode  even  in  heavy  spill;  also 
assists  during  free  skimming. 

Waves  pass  through  porous  FILTERBELT 
as  oil  is  entrained;  waves  are  not  "reflected" 
as  occurs  with  solid  belt  system. 


) 


i 
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FILiERBELT  Oil  Recovery  Performance  Data 


Oil  recovery  rate  for  a  3’  wide  Filterbelt 


OIL  VISCOSITY— CENTISTOKES 


Oil  recovery  performance  is  a  composite  of  laboratory 
and  test  basin  data,  confirmed  by  field  experience. 
Curves  are  shown  for  the  maximum  oil  recovery  rate 
(saturation)  of  the  Filterbelt. 

Experience  has  shown  that  oil  encounter  rates  in 
open  water  skimming  do  not  approach  the  Filterbelt 
saturation  levels  due  to  the  rapid  spreading  of  oil  into 
relatively  thin  slicks  on  the  water  surface.  Open  water 
recovery  rates  are  usually  best  determined  by  slick 
thickness,  sweep  width,  and  sweeping  speed. 

Where  oil  is  in  a  thick  layer,  such  as  in  a  containment 
boom,  recovery  rates  are  determined  by  these  curves. 
Continuous  rates  are  subject  to  vessel  stowage 
capacity  or  offloading  pumping  rate. 

Oil  recovery  is  enhanced  by  moderate  waves. 
Recovery  rate  for  a  specific  class  of  skimmer  is  a 
function  of  number  and  width  of  belts. 


MARCO  CLASS  V 


CONDENSED  SPECIFICATION 

CLASS  V  OCEAN  SKIMMER  VESSEL 
MARCO  DV/r,.  NO.  E-226-3~(A) 
MARCH  )97o 


Particulars: 

Length  O.A. 

Beam  O.A. 

Depth,  Md. 

Draft,  L.S. 

Draft,  R.F.S. 

Draft,  Full  Load 
Height ,  Overa 1 1 

Height  (Pilot  House  Top  Removed) 
Displacement,  Light  Ship 
Displacement,  R.F.S. 
Displacement,  Full  Load 
Fuel  Oil  Capac i ty  . 

Hydraulic  Oil  Capacity 
Sump  Tank  Capacity 
Induction  Pump 

MACHINERY 
Main  Engine: 

Speed ,  R.F.S.,  Fwd . : 

Speed,  R.F.S.,  Astern: 

Main  Propulsion  Unit: 


EQUIPMENT: 

Oi 1  Transfer  Pumps : 


Fluid  Power  Supply: 

Air  Power  Supply: 

"Fi 1 terbel t"  Module: 


”Fi 1 terbel t"  (for  light  oils) 
"Bunkerbel t"  (for  heavy  oils) 


Engl ish: 

Metric: 

36'-0" 

10.97  m 

l2'-0" 

3.66  m 

5'-l" 

1.55  m 

2'  -1 1" 

0.89  m 

3' -2” 

0.97  m 

k  1  -2" 

1.27  m 

17 1 ”0"  ’  . 

5.18  m 

8'-ll" 

2.72  m 

17,300  lbs. 
18,200  lbs. 
37,800  lbs. 
70  Gal. 

75  Gal. 

^0  BBLS 
16  HP 


7.8147.3  kg 

8,255.5  kg 
17,1*46. 1  kg 
18.5  Liters 
19.8  Liters 
(*40  BBLS) 

16  HP 


Detroit  Diesel  Enaine  *1-53 
100  HP  !?  2*)00  RPM 
5  knots 
3  knots 

Marco  T-kO  Thruster. 

Full  360°  rotation  of  thruster 
provides  propulsion  and  steerage. 


One  (l)  5"  Midland  orogressive 
cavity  pump  rated  200  ppm  S  60  Dsi. 
One  (1)  Marco  U101  V  submersible 
trash  pump  rated  Aoo  qpm  0  30  Dsi. 
Marco  3“hole  1:1  geared  hydraulic 
pump  drive  with  5  hydraulic  pumps- 
Engine  driven  7.5  CFM  air  compressor. 
Hydraulically  driven  3  foot  wide  belt 
unit.  Pneumatically  actuated  squeeze, 
rol ler . 

One  (1)  36"  x  29' “8"  x  1"  belt. 

One  (1)  36"  x  29'-8"  x  1/8"  belt. 


NOTE:  Specifications  subject  to  change  without  notice. 
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MARINE  CONSTRUCTION  G  DESIGN  CO. 
Seattle,  Washington,  U.  S.  A. 
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MARCO  CLASS  VII 


CONDENSED  SPECIFICATIONS 
1*8'  Class  VII  Ocean  Skimmer 
Marco  Dwg.  No.  E-234-1-1 100-1  ,-2 


Particulars; 

Length,  O.A. 

Length,  L.W.L. 

Beam  Molded  (at  deck) 

Beam,  Maximum 
Depth  Molded 
Displacement  R.F.S. 

Nav.  Draft  R.F.S. 

Nav.  Draft  Full  Load 
Clearance,  W.L.  to  top  of  Pilot  House 
Clearance,  W.L.  to  top  of  Tower 
Sump  Tank  Capacity  (1*2  U.S.  gal/bbl) 
Freeboard,  R.F.S. 

Freeboard  Full  Load 
Gross  Tonnage  (approx.) 

Free  Sweep  Width 

Belt  Submergence  (R.F.S.  @  W.L.) 

Induction  Pump 

Crew  Accommodation/Operators  Req.  (min.) 
Fuel  Oi I  Capaci ty 

Machinery: 

Main  Engine 
Speed,  R.F.S.  Fwd. 

Speed,  R.F.S.,  Astern 
Main  Propulsion  Unit: 


Equipment :  '  % 

Oil  Transfer  Pump; 

Salt  Water  Wash  Down  Pump 
Fluid  Power  Supply: 


Ai r  Power  Supply: 

Oil  Containment  Boom 


Engl ish: 

1*8  *-l" 

1*2  *-0" 

1V-0" 

11*'-9" 

l*'-6" 

3^000  lbs. 

4'-4" 

5'-5" 

l4'-0" 

21  ’-0" 

80  bbls 
2'-6" 

1  '-5" 

25  tons 

8'-0" 

3'~0" 

16  HP 
2/2 

360  gal. 


Metric: 

14.66  m 
12.80  m 
1*.27  m 
1*.50  m 
1-37  m 
15400  kg 
1.32  m 
1.65  m 
4.27  m 
6.40  m 
12700  Liters 

O.76  m 
0.1*3  m 
(25  tons) 
2.44  m 
0.92  m 
16  HP 

1350  Liters 


"Fi 1 terbel t"  Module:  Hydraulical 

pneumat i c 

"Fil  terbel  t" . .  One  (l)  36" 

replaceab 

Bilge  Pump  Clutched  cer 

NOTE :  Specifications  subject  to  change  without  notice 


Detroit  Diesel  6V-53  165  HP  @  2400  RPM 

7-5  knots  ' 

4.5  knots 

One  (1)  100  HP  thruster,  full  360°  rotation  I 
of  thruster  provides  propulsion  and  | 

steerage. 


Midland  EH2500  rated  @  400  GPM 
Hydraulically  driven,  100'  head 
Marco  3“hoie  1:1  geared  hydraulic  pump  drive 
with  5  hydraulic  pumps 
Engine  driven  7-5  CFM  air  compressor 
(2)  x  492'  ea.,  sel f- i nf lat ing  lightweight 
containment  boom  wi th  adapters,  bridles 
and  sea  anchors 

Hydraulically  driven  3  foot  wide  belt  unit, 
pneumatically  actuated  squeeze  roller. 

One  (l)  36"  combination  Filterbelt  with 
replaceable  pads 

Clutched  centrifugal,  self  priming 
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CONDENSED  SPEC  I F I CATI OH 
37'  CLASS  X  OCEAN  SKIMMER  VESSEL 
MARCC  D'./G .  HO.  E- 224- 10-1 A 
OECEhBER  197?~ 

SPECIAL  CLASS  NON-SELF  PROPELLED,  RADIO  CONTROLLED,  OCEAN  SKIMMERS 
Particulars  English  Metrir 


Length  O.A. 

Beam  O.A. 

Depth,  Md. 

Draft,  L.S. 

Draft,  Full  Load  Approx. 

Height  O.A. 

Displacement,  Light  Ship  Approx. 
Displacement,  Full  Load 
Fuel  Oil  Capacity 
Hydraulic  Oil  Capacity 
Induction  Pumps,  2  each 

MACHINERY 
Main  Engines 


EQUIPMENT 

Oil  Transfer  Pumps 


Fluid  Power  Supply 

Air  Power  Supply 
Filterbelt  Modules 

*  i 

Filterbelt  (for  light  oils) 
Bunkerbelt  (for  heavy  oils) 

Remote  Controls 

Cradle 

Boom  Adapters 
Lifting  Bridle 


36*  -  11" 
19'  -  8“ 
6'  -  10" 

5'  -  0" 

6'  -  0" 
20'  -  0" 

23.500  lbs. 

34.500  lbs. 
850  gal. 
150  gal. 

15  HP 


Metri c 

11.25  m 
6.00  m 
,2.08  m 

1.83  m 
6.07  m 
10,675.6  kg 
15,646.3  kg 
.224.6  liters 
39.6  liters 
15  HP 


Two,  Detroit  Diesel  Engines  3-53.  75  HP  g 

2400  RPM. 


-Two  5"  Midland  progressive  cavity  pump  rated 
200  gpm  g  35  psi. 

Two  each  Marco  3-hole  1:1  geared  hydraulic 
pump  drive  with  5  hydraulic  pumps. 

Engine  driven  7.5  CFM  air  compressor. 

Two  hydraulically  driven  3  foot  wide  belt 
units.  Pneumatically  actuated  squeeze  roller. 

Two  36"  x  29'  -  8"  x  1"  belt. 

Two  36"  x  29'  -  8"  x  1/8"  belt. 

Dual  radio  controls  to  activate  ship  systems 
from  parent  vessel. 

Combination  stowage  and  launching  cradle 
specifically  fitted  with  bolt  type  clamps  and 
-towline  fair  lead. 

Marco  boom  curtain  adapters  port  and  star¬ 
board  for  use  with  oil  containment  booms. 

One  point  bridle  capable  of  lifting  both  ves¬ 
sel  and  crad le  at  shoreside  staging  area. 


Note:  Specifications  subject  to  change  without  notice. 
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MARCO  CLASS  III 


CONDENSED  SPECIFICATIONS 

58’  Class  III  Bay/Sound  Skinner 
Marco  Dwg.  No.  E-2 19-2-1 100-1 


Particulars; 

Length,  O.A. 

Length,  L.W.L. 

Beam,  O.A. 

Depth,  Mid. 

Displacement,  R.F.S. 

Nav.  Draft  R.F.S. 

Clearance,  W.L.  to  Top  Pilot  House 
Clearance,  W.L.  to  Top  Mast 
Oil  Slops  Capacity  (42  U.S.  gal.  barrel) 
Approx.  Deadwt.  Tons 

Tons  per  Inch  or  cm.  Sinkage  (saltwater) 
Approx.  Loaded  Sinkage 
Trash  Storage  Capacity  (nominal) 

Freeboard,  R.F.S. 

Freeboard  j  F.O.  and  ^  water,  full  slops 
Gross  Tonnage 
Free  Sweep  Width 

Oil  Herding  Water  Spray  Boom  (sweep  width) 

Width  Between  Hulls 

Max,  Belt  Submergence  (R.F.S.  (®W.L.) 

Induction  Pumps,  2  ea.  @ 

Crew  Accomodation/Operators  Req.  (min.) 
Fuel  Oil  Capacity 
Freshwater  Capacity 

Machinery; 

Main  Engines,  2  ea.  >  .. 

Range  (S>  .8  Power 
Propulsion 

Equipment; 

Of'load  Pumps,  2  ea.  <?> 

Bow  Thrusters,  2  ea. 

Crane,  1  ea. 

Auxiliary  Power,  2  ea. 

Filterbelts  (No.  6-  Size),  2  ea.  (?) 


Engl ish; 

57*-10" 

52'-7.5" 

23'-4",7,4"/hull 

7'-3" 

58  L.  tons 
4‘-l 1" 

24»-0" 

50' -0" 

90  bbls. 

12.6  L.  tons 
1.14  L.  tons 
11" 

378  sq.  ft. 

3'-3" 

2«-6" 

^7 

l6'-0" 

34* 

8»-8" 

27" 

16  HP 
2/2 

1040  gals.  (U.S.) 
30  gals.  (U.S.) 


Metric; 

17.93  m 
16.04  M 

7.H  m,  2.23  m/hull 

2.21  m 

58.9  m  tons 

1.5  m 

7.32  m 

15.24  m 

(90  bbls) 

12.8  m.  tons 
1.158  m  tons 

27.94  cm 
35.1  m2 

1  m 

0.76  m 

(47) 

3.44  m 
10.4  m 
2.64  m 

68.6  cm 

16  HP 

2/2 

3,936  liters 

113.6  1 i ters 


200  SHP  (?>  2800  RPM,  Caterpillar  3208 
460  n.  miles 
Hamilton  1341  Jet 


250  GPM  @  100'TDH 
40  HP 

1400  lbs.  <?>  32  ft. 
12.5  KW  220/1 1 0V  A.C. 
3'  x  29" 


Specifications  subject  to  change  without  notice. 
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CONDUCED  SPECIFICATION 
22'  CLASS  XI  OIL  RECOVERY  SYSTEM 
MARCO  DWG.  MO.  E-224-11-1 
JANUARY  1977 

NON-SELF  PROPELLED,  REMOTE  OPERATED,  OCEAN  SKIMMER  FOR  USE  WITH  VESSEL  OF  OPPORTUNITY 


Particulars 

Length  O.A. 

Beam  O.A. 

Draft,  Operating 


English 


22’-  0" 
8'  -  0” 
2'  -  7" 


Displacement,  Operating  5,960  lbs. 


Hoisting  Weight 
Length  Stowed 
Bean  Stowed 
Height  Stowed 

POWER  UNIT 


3,860  lbs. 
18’  -  1" 

6*  -  1" 

6'  -  8" 


Metric 

6.71  n 
2.44  n 
.83  d 
2,708  kg 
1,764  kg 
•5.52  n 
6.86  m 
2.07  m 


Machinery 


Diesel  Engine 
Gearbox 

Hydraulic  Pumps 


As  a  unit  measuring  L-3.05  m,  W-1.52  m,  H-1.83  m  (10'x5,x6') 
weighing  1445  kg  (3400  lbs.). 

John  Deere  Model  4239T.  75  IIP  at  2000  RPM. 

Marco  two  pump  direct  drive,  gear  ratio  1:1. 

Vickers  single  pump  model  25V 17  (26  GPM)  and  Vickers 
double  pump  model  V2020-9-6  (14:10  GPM). 


EQUIPMENT 


Flotation  Cell 


Oil  Transfer 


Recovery  Hose  Con¬ 
nection  Kit 

Filterbelt  Module 


Control  Station 

Air  Compressor 

Storage  Pallets 
Lifting  Bridle 

Boom  Connectors 

Note:  Specifications 


Rugged,  multi-compartment,  reinforced  rubber  buoyancy 
chamber  of  70  ram  diameter  (28"). 

Variable  speed  hydraulic,  tuo-lobe  positive  displace¬ 
ment  pump,  Tuthill  model  330,  rated  at  38  tons/hour  at 
15  m  head,  capable  of  handling  1"  solids. 

As  a  unit  measuring  L-3.35  m,  N-1.83  m,  H-.61  m  (ll'xb'xE') 
and  weight  of  709  kg  (1565  lbs.)  containing  hydraulic 
hoses,  oil  discharge  hoses,  and  spares  and  repair  parts. 
Hydraulically  driven  3  foot  wide  belt  unit  with  hydrauli¬ 
cally  actuated  squeeze  roller,  including  hydraulic  drive 
induction  flow  pump. 

Incorporates  power  unit  and  skimmer  unit  controls,  guages 
and  instruments. 

Low  pressure  12V  electrically  driven  to  inflate  buoyancy 
cell. 

Raised  wood  pallets  suitable  for  forklift  transport. 

Four  corner  single  lift  bridle  for  use  with  power  unit, 
vessel  and  hose  connection  kit. 

Welded  aluminum  U.S.  Navy  type  for  standard  Navy  Oil 
Diversion  Boom. 

subject  to  change  without  notice. 
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OIL  MOP  ZRV 


DYNAMIC  SKIMMER 

PAT.  PENDING 


RECOVERY  RATE 

250  BBL/HR 

RECOVERY  SPEED 

6  KNOTS 

STORAGE  CAPACITY 

2400  GAL 

9.080L 

PUMPING  CAPACITY 

400  BBL/HR 

TRAVEL  SPEED 

15  KNOTS 

LENGTH 

38’  2” 

11.6M 

WIDTH 

12’  2” 

3.7M 

SHIPPING  WEIGHT 

20,000  LB. 

9.072KG 

OIL  MOP  Inc. 

Engineers  Road,  Post  Olliea  Drawer  P,  Belle  Chasse,  La.  70037,  U  S  A. 

24  hour  telephone — (504)  394-6110,  Cable  address— OILMOP.  NEW  ORLEANS,  Telex  -  58  7486 


OIL  MOP  ZRV  (Contd.) 


VESSEL  TRAVEL 


The  Oil  Mop  Dynamic  Skimmer  Recovery  System  is  based  upon  the  concept  of  moving  an  absorbent 
floating  rope  mop  in  the  opposite  direction  of  vessel  travel.  This  makes  the  relative  velocity  between 
the  mop  and  the  water's  surface  equal  to  zero  thus  allowing  the  vessel  to  travel  at  a  high  speed  while 
recovering  a  significantly  large  amount  of  oil.  As  the  vessel  moves  through  the  water  a  series  of  contin¬ 
uous  loop  rope  mops  are  laid  in  the  calm  water  at  the  bow  of  a  catamaran  hull.  The  mops  are  pulled  to 
the  stern  as  oil  is  absorbed  on  the  fibers  due  to  the  selective  surface  tension  between  fiber  and  oil.  The 
oil  soaked  mop  travels  back  to  the  powered  rollers  in  a  through  where  it  is  squeezed  and  the  oil  is 
collected. 


OTHER  FEATURES  OF  THE  OIL  MOP  DYNAMIC  SKIMMER 


•  The  unit  can  be  dismantled  and  stored  in  two  standard  20’  containers  for  easy  transportation  by 
truck  or  air. 

•  The  unit  has  a  large  total  pick-up  rate.  In  theory  each  mop  can  pick  up  over  40  BBL’s  an  hour  or  a 
total  of  250  BBLs/hr  for  the  40'  model  with  two  (2)  Mark  ll-9H's. 

•  The  unit  is  not  affected  by  debris  or  ice  in  the  water.  The  rope  mop  travels  over  and  around  objects 
absorbing  the  oil  from  them  but  not  removing  them  from  the  water. 

•  Sea  conditions  do  not  affect  the  pick  up  rate.  The  rope  mop  floats  on  the  surface  following  the 
contours  of  the  waves,  which  passes  through  the  catamaran  hull  undisturbed. 

•  Since  the  recovery  machinery  is  separate  from  the  catamaran,  it  does  not  require  a  specialized  hull. 
The  vessel  is  available  for  other  purposes  such  as  fire  fighting,  line  handling,  and  general  utility  boat. 
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HUSKEY  OFFSHORE  SKIMMER 


HUSKEY  OFFSHORE  SKIMMER 

PRINCIPLE  OF  OPERATION  H 

Once  in  the  operating  area,  ballast  water  is  added  to  the  oil  storage  compartments.  This  serves  two 
purposes:  It  gives  the  skimmer  the  proper  draft  to  conduct  skimming  operations  and  provides  the 
skimmer  with  the  necessary  stability  to  operate  in  up  to  5-foot  waves.  Fine  trim  of  the  skimmer  is 
provided  by  ballasting  the  forward  and  aft  trim  tanks  located  in  each  pontoon. 

In  operation,  the  gathered  oil  and  water  flow  into  the  skimmer  over  the  bow  plane,  which  is  ad¬ 
justed  so  as  to  prevent  any  oil  from  escaping  beneath  the  skimmer.  As  the  oil  and  water  enter  the 
skimmer  and  flow  along  the  skimmer's  sloping  floor,  flow  velocity  and  turbulence  decrease  rapidly, 
facilitating  the  natural  separation  of  the  oil  and  water.  The  floating  oil  spills  over  the  adjustable 
weir  into  a  sump,  while  the  clean  sea  water  is  discharged  through  a  slot  in  the  skimmer's  hull. 

The  skimmer's  pumping  system  picks  up  the  oil  from  the  sump  and  transfers  it  to  a  tanker  barge 
or  floating  fabric  storage  tank  towed  behind  the  skimmer. 


SPECIFICATIONS 


Length 

(LWL) 

39  Ft  6  In 

1 2,040  mm 

Displacement 

57,600  lbs 

2. ,130  KG 

(ballasted  3  R 

914  mm  draft) 

(LOA) 

42  Ft  3  In 

1 2,878  mm 

Width 

(Overall) 

16  R 

4,  77  mm 

Weight  (dry) 

29,800  lbs 

13,520  KG 

(Disassembled) 

8  Ft. 

2,  38  mm 

Height 

(Hull)  ' 

7  R  1  In 

2,  59  mm 

Permanent  Foam 
Rotation 

40,900  lbs 

18,550  KG 

(Top  of  Pump) 

10  R  2  In 

3,  99  mm 

Draft 

3  R 

14  mm 

OTHER  SEAWARD  INTERNATIONAL  PRODUCTS 

SEA  CUSHION— Marine  Fenders 
SEA  FLOAT —Anchor  Pendant  Buoys 
SEA  COLLAR— Hose  and  Hawser  Floats 
SEA  FLOAT-Utility  Floats 
SEA  CURTAIN— Oil  Containment  Barrier 
SLURP— Oil  Skimmer 
SPILTROL  HARBOR  SKIMMER 
SPILFIGHTtR— Dispersant  Applicator 
WSL  SPRAY  BOOM— Dispersant  Applicator 
STOPS— Tanker  Pumping  System  &  Services 


AJMW 

SEAWARD  INTERNATIONAL,  INC.  ^ 

MAIN  OFFICE:  MANUFACTURING  PLANT:  DISTRIBUTED  BY: 

6269  Leesburg  Pike  P.O.  Box  98 

Falls  Church,  Va.  22044  Clearbrook  Industrial  Park 

Phone:  (703)  534-3500  Clearbrook.  Va.  22624 

Te’ex:  899-455 
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SOCK  (SHELL  -25  FOOT) 


Early  arrival  and  deployment  of  containment, 
skimming,  and  cleanup  equipment  can  help  limit  the 
area  affected  by  an  offshore  oil  spill  and  reduce  overall 
damage. 

With  this  in  mind,  a  device  has  been  designed  by 
Shell  Development  Co.’s  transportation  research  and 
engineering  department  to  combine  reasonably  high 
recovery  with  good  maneuverability  and  low  cost.  The 
equipment,  called  spilled  oil  cleanup  kit  (Sock),  utilizes 
currently  available  technology  for  the  most  part  and 
consists  of  components  portable  enough  to  fit  on  any 
work  boats  and  supply  boats  that  might  be  available 
for  quick  response  to  a  spill. 

Major  components  of  the  Sock  skimmer  when  de¬ 
ployed  are  shown  in  Fig.  1.  The  units  can  be  used  on 
both  sides  of  the  vessel,  or  one  can  be  used  alone  on 
either  side.  The  prototype  kit  includes  the  following 
components: 

•  Sock.  The  actual  oil  skimming  device  is  a  one-piece, 
nylon-reinforced  nitrile  rubber  unit  employing  a 
wave  damper,  an  oil  collector,  and  multiple  (in¬ 
tegral)  suction  ports  for  oil  recovery.  Dimensions 
are  25  ft  wide  and  43  ft  long,  with  a  draft  of  4%  ft. 

•  Floating  frame.  The  lightweight  aluminum  frame 
supports  the  forward  end  of  the  Sock  and  maintains 
its  opening.  It  also  provides  a  solid  structure  for 
attaching  the  forward  tow  lines.  The  frame  allows 
the  Sock  to  roll  and  pitch  independently  of  the 
vessel. 


•  Crane.  A  70,000  ft-lb  hydraulic  crane  is  perma¬ 
nently  mounted  at  one  end  of  each  kit  to  facilitate 
assembly  and  deployment. 

•  Pump  and  power  unit.  A  60  hp  air-cooled  diesel 
engine  provides  hydraulic  power  to  the  crane  and  to 
the  330  gpm  rotary  positive  displacement  pump 
used  for  oil  recovery  and  transfer. 

•  Container.  This  has  the  standard  dimensions  and 
fittings  of  a  35  ft  cargo  container.  It  also  serves  as  a 
foundation  for  the  crane,  pump,  and  power  unit.  It 
can  also  double  as  an  oil-water  separator. 

•  Towable  bags.  In  the  event  of  a  large  spill,  oil 
drawn  from  the  top  of  the  oil-water  separator  can 
be  piped  to  commercially  available  towable  bags 
for  temporary  storage.  Bags  increase  the  drag  on 
the  vessel  and  actually  improve  its  slow  speed 
maneuverability. 

A  key  component  of  the  Sock  is  the  flexible  boom- 
skimmer  (Fig.  2).  As  the  Sock  is  towed,  flow  is  right  to 
left  and  then  downward  and  out  of  the  open  bottomed 
stem  portion.  The  4'/i  ft  deep  sidewalls  of  the  Sock  act 
as  a  conventional  boom  in  concentrating  the  oil.  A 
flexible  boom  in  the  forward  part  of  the  Sock  is  at¬ 
tached  to  the  top  by  rope  ties.  Because  integral  flota¬ 
tion  in  the  top  cover  constrains  the  top  to  lie  flat,  the 
bottom  remains  nearly  parallel.  The  interconnected 
forward  part  of  the  Sock  dampens  high  frequency 
components  of  the  wave  surface. 

Unlike  a  draped  boom,  Sock  has  a  top,  which  is 
useful  near  the  stern  because  it  avoids  a  free-surface 
air-oil  interface.  The  oil  is  constrained  by  the  top, 
which  allows  suction  directly  from  the  oil  layer. 

Sock  is  not  intended  to  replace  special  purpose 
skimmer  vessels.  When  stored  on  platforms,  however, 
Sock  kits  should  be  able  to  respond  more  quickly  to  an 
offshore  oil  spill  than  skimmer  vessels  berthed  in  pro¬ 
tected  harbors.  And,  the  kit  form  requires  little 
maintenance  when  not  in  use,  and  is  expected  to  per¬ 
mit  rapid  transport  to  remote  locations. 


Fig.  1.  Deployment  of  Sock  skimmer  kits 
from  a  supply  vessel. 


H-27 


Fig.  2.  The  actual  oil  skimming  device. 
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VIKOMA  SEASKIMMER 
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FOR  COLLECTION  OF 
OIL  SPILLS  AT  SEA 


Although  other  disc  skimmers  have  been 
produced,  the  VIKOMA  SEASKIMMER  is 
the  only  one  to  employ  toroidal  disposition 
of  the  rotating  discs.  This  ensures  that  oil  is 
picked  up  through  360°  and  creates  a  flow  of 
oil  towards  the  skimmer.  Oil  adheres  to  the 
partially  submerged  discs  and  is  scraped  off 
•  d  transferred  through  ducts  to  a  collecting 
vwl  for  disposal. 

For  routine  SEASKIMMER  inspection,  access 
is  provided  through  the  top  cover  and  rotor. 
Maintenance  requirements  are  minimised  by 
use  of  non-corrodible  materials;  A  single  disc 
can  be  removed  in  15  seconds,  and  all  80 
discs  may  be  removed  or  refitted  in  only  20 
minutes.  SEASKIMMER  is  easily  lifted  by 
its  single  lifting  point  and  is  of  compact  design 
with  exceptional  stability. 

SEASKIMMER  is  powered  hydraulically  from 
its  remote  power  pack  via  hoses  which  gives 
separate  flow  and  pressure  control  of  the 
drive  and  pump  motors.  When  SEASKIMMER 
is  operating  at  its  maximum  recovery  rate  its 
weight  increases  significantly.  The  power 
pack  therefore  also  supplies  compressed  air 
to  an  automatic  buoyancy  control  which 
maintains  optimum  depth  of  the  pick  up  discs. 

The  mechanical  reliability  of  SEASKIMMER 
has  been  amply  demonstrated.  In  endurance 
tests  it  has  been  run  continuously  for  over 
250  hours  without  any  deterioration  in 
—“chanical  performance  or  operating  efficiency, 
■s  insensitive  to  floating  debris. 
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SEASKIMMER  is  supplied  with  detailed  handling 
and  maintenance  instructions.  A  complete  spares 
service  is  available  together  with  technical  advice 
on  all  aspects  of  oil  pollution  abatement. 
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I/Ve  reserve  the  right  to  alter  the  specification 
of  this  equipment  without  prior  notice. 

VIKOMA  Oil-spill  Clearance  Equipment  is 
manufactured  under  licence  from  BP 
TRADING  LIMITED 
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VIKOMA.  SEAPACK.  SEABOOM 
and  SEASKIMME  R  are  Trademarks  of  the 
British  Petroleum  Company. 
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THE  SEA 

SENTRY®  12-24  BOOM 
for  open  waters 

The  Sea  Sentry  12-24  oil  boom  is  recommended  for 
pier  areas  and  open  water  where  waves  and  currents 
are  fairly  rough.  Each  section  has  a  12"  freeboard  and 
a  24"  impermeable  skirt.  The  12-24  is  equipped  with 
handles  on  top  and  bottom  for  ease  of  handling.  There 
are  five  floats  on  each  section — each  with  a  double  air 
chamber.  In  case  of  damage  to  one  side  of  a  float,  the 
second  chamber  offers  enough  buoyancy  to  maintain 
freeboard  until  the  unit  is  repaired.  Bright  orange 
stripes  on  each  end  of  each  float  provide  high-visibil¬ 
ity  warning  of  the  boom  installation.  Quick-connect 
air  valves  fit  all  standard  pumps.  An  optional  30"  open 
mesh  nylon  net  skirt  is  available  for  installation  where 
extensive  vortexing  is  a  problem. 


Freeboard  . 12" 

Draft. .  .24"  impermeable  skirt;  30"  open  mesh  skirt 

Individual  float  length . 10' 

Overall  section  boom  length . 55’ 

Weight  per  foot . 10  lbs. 

Float  size  Inflated . 12%  "  dia. 

Handles . 6  per  float  segment 
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GOODYEAR  AEROSPACE  CORPORATION 
ENGINEERED  FABRICS  DIVISION 
ROCKMART,  GEORGIA  30153 
404-684-7855 
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LASTICS 


AMfUCATORS.  INC. 


"Standard"  Model  SeaCurtain  Booms 

DATASHEET 


"Standard"  SeaCurtain*  Model  —  Boom  Selection  Chart 

SERVICE 

MODEL 

NOMINAL 

NOMINAL 

LENGTH 

GROSS  TENSILE 

WEIGHT 

NUMBER 

FREEBOARD 

DRAFT 

HINGE  SECTION 

STRENGTH  * 

=/ft 

kg/m 

CALM 

BHD5808FF 

4” 

10  cm 

9" 

23  cm 

8' 

240  cm 

12,000  lbs 

5.400  kg 

1.0 

1.5 

WATER 

BHD61208FF 

5" 

13  cm 

13" 

33  cm 

8' 

240  cm 

16,000  lbs 

7.300  kg 

1.2 

1.8 

CHOPPY 

A 

BHD81208FF 

7" 

18  cm 

13" 

33  cm 

8' 

240  cm 

19-43.00G  :3s. 
9-20.000  kg 

2.5-3.0 

3,74,5 

WATER 

A 

•H0141608FF 

12" 

30  cm 

18" 

46  cm 

8' 

240  cm 

33-69,000  lbs 
15-31 .000  kg 

5.1 -8.8 

7,6-13 

OCEAN 

AHDZ203020FF 

17" 

43  cm 

34" 

86  cm 

20' 

610  cm 

70-104,000  lbs. 
32-47.000  kg 

11-18 

16-27 

AHDZ303620FF 

26" 

66  cm 

42" 

107  cm 

20' 

610  cm 

128-1 69,000  lbs. 
58-77.000  kg 

14-19 

20-28 

_ 

Note:  "A"  models  include  auxiliary  tension  cables.  *A  safety  factor  of  4:1  to  6:1  is  recommended  for  use  with  these  data. 


SECTION  LENGTH:  Standard  lengths  are  50\  100'  and  50  meters. 

BARRIER  MATERIAL:  Kepte/ Saturn  yellow,  heavy  duty,  plastic  coated  polyester  fabric  is  resistant  to 
rip,  tear,  abrasion,  weather,  oils  and  most  chemicals. 

FLOTATION:  Eight  foot  long,  flexible,  double  walled,  cylindrical  float  sections  of  closed  cell  ball  foam 
are  electronically  sealed  into  the  boom  as  an  integral  part  thereof.  The  flotation  is  sufficient  diameter  to 
encompass  the  entire  freeboard  and  provide  reserve  (excess)  buoyancy  of  more  than  10  times  the  total 
weight  of  the  boom  per  foot. 

BALLAST/PRIMARY  TENSION  MEMBER:  Galvanized  chain  (or  equal),  with  sufficient  weight  and 
strength  to  assure  wave  conformance  and  survival,  is  sealed  into  the  bottom  of  the  skirt  fabric  as  an 
integral  part  thereof.  The  chain  is  attached  to  the  Quikconnect  end  connectors  in  such  a  manner  as  to 
maintain  bottom  tension  and  adequate  araft  without  eccentric  loading. 

SECONDARY  TENSION  MEMBER  (If  required):  A  galvanized  wire  rcoe,  polyester  webbing  strap  or  similar 
auxiliary  tension  member  can  be  attached  immediate  /  celow  float  line  on  --.-.ah  side  of  the  skirt  for  the 
entire  length  of  the  boom  with  corrosion  resistant  fasteners  ana  reinfor;ec  skirt  construction.  This 
enables  the  boom  to  handle  higher  loads  with  part  of  the  skirt  always  in  compression  and  without  greatly 
affecting  performance. 

CLEANING:  SeaCurtain*  booms  may  be  cleaned  with. KepKIeerf  99  or  mild  detergent  and  warm  water. 
REPAIRS:  Repair  kits  are  available  for  very  easy  repairs  of  any  component,  if  required. 

STORAGE:  Standard  SeaCurtain*  booms  may  be  folded  at  each  float  section  hindge  point  (usually  8')  or 
may  be  wound  on  a  reel  for  more  efficent  deployment  and  recovery. 

OPTIONS:  Standard  SeaCurtain*  booms  offer  unlimited  options  including  variations  in  float  diameter, 
skirt  length,  ballast  and  materials  as  well  as  “fast  current”,  “high  load”  and  others.  See  our  flyer  on 
"OPTIONS  FOR  SPECIAL  APPLICATIONS”  or  contact  the  factory  for  further  information  and  quotations. 

•trade  mark 
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UllillUIC  UCVIUC),  IIIU 

Summit  Intlustrial  Park,  Bldg.  43 

Peabody,  Massachusetts  01960  OFFSHORE  OIL  CONTAINMENT  BARRIER 

Telephone:  (617)581-6404 


A  high  seas  oil  containment  boom.  It  utilizes  a  combination  of  rigid  panels  and  flexible  curtain 
sections.  The  barrier  incorporates  both  rigid  flotation  panels  and  inflatable  floats  which  are  per¬ 
pendicular  to  the  boom  providing  outrigger  stability-  It  is  designed  to  be  functional  in  five  foot 
seas  and  twenty  knot  winds. 

HOW  DEPLOYED 


TOWING  SPEED 
SWEEPING  SPEED 


OPERATION  SPECIFICATIONS 
BOOM  LENGTH 

DRAFT 
FREEBOARD 
TOTAL  HEIGHT 
CURTAIN  MATERIAL 
RIGID  PANELS 

RIGID  FLOTATION 
INFLATABLE  floats 
INFLATION  MEDIUM 
OVERALL  WEIGHT 
STOWAGE  VOLUME 
BALLAST 

TENSION  LINE 
REPAIRABILITY 
COLOR 
CLEANING 

CONTAINER  SIZE  AND 
WEIGHT  (LOADED) 

PERFORMANCE  CAPABILITIES: 

CURRENTS  Up  to  1.S  knots.  However,  all  oil  slicks  restrained  by  a  barrier  against  a 

current  will  undergo  entrainment  ol  some  oil  Into  the  water  flowing 
beneath  the  barrier  in  current  speeds  greater  than  1  knot. 
TEMPERATURES  Compatible  with  all  ocean  temperatures. 

STABILITY  Excellent 

WIND  Up  to  20  knots. 

WAVE  HEIGHT  Typically  S'  (2m.)  in  long  waves,  good  performance  at  much  higher  waves 

is  obtained.  * 

CONFORMANCE  TO 

MILITARY  SPECIFICATIONS  Designed  for  and  accepted  by  the  U.S.  Coast  Guard 


The  boom  is  normally  deployed  in  a  "U"  configuration.  It  is  transported 
in  a  floatable  container  which  may  be  lowered  into  the  water  by  a  crane  at 
dockside  or  by  a  work  boat.  The  end  of  the  container  will  then  be  re¬ 
leased  and  opened  One  tension  line  extension  is  then  accessible.  This  will 
be  made  fast  to  a  vessel  or  dock.  A  work  boat  then  attaches  to  the  oppo¬ 
site  end  of  the  container  and  slowly  moves  away.  The  boom  will  thus  be 
extracted  from  the  container  and  the  inflatables  will  automatically  inflate 
as  each  leaves  the  container. 

3  1/2  knots  in  U  shape.  5  knots  streaming 

The  boom  will  remain  functional  at  speeds  up  to  1.5  knots.  However,  all 
oil  slicks,  restrained  by  a  barrier  against  a  current,  will  undergo  entrain¬ 
ment  of  some  oil  into  the  water  flowing  beneath  the  barrier  in  current 
speeds  greater  than  1  knot 

(612  feet)  187m.  units.  However,  any  length  of  1.83m.  units  are  available. 
Barrier  units  may  be  joined  to  maximum  total  length  of  917m. 

(27")  69cm. 

(21  “)  53cm. 

(48")  122cm. 

two-ply  nylon,  elastomer  coated. 

Strut  is  galvanized  steel  tubing  23"  x  48"  (58cm  x  122cm. I  Skimming 
strut  is  6061-T6  aluminum  with  weir  opening  4"  x  22"  (10cm  x  51cm). 
Ethafoam  panels  (within  steel  panel). 

Cylindrical  13”  dia.  x  48"  (33cm  dia.  x  122cm)  long,  spherical  ends. 

CO2  automatic  at  axtraction 

(16  Ibs./ft.)  25kg. /m..  approximately. 

5'  x  9"  x  18'  (612'  boom)  (1,5m.  x  2.8m.  x  5.5m.  (187m.  boom  alone], 
22  lb.  (10kg.)  steel  at  bottom  of  strut;  10  lb.  (4.5kg.)  lead  at  bottom 
of  dynamic  ballast  buckets. 

4”  (10cm.)  circumference,  double  braid  polyester. 

Repair  kits  available. 

International  Orange  curtain  material. 

Industrial  detergents  and  water 

20'  x  8'  x  8'  for  612‘  section  -  15,400  lbs. 

(6m.  x  2.44m.  x  2.44m.  for  187m.  taction  -  7000kg.) 
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SEAWARD 

FENCE  OIL  CONTAINMENT  BOOM 

CONSTRUCTION: 

The  SEA  FENCE  oil  containment  boom  is  constructed  of  a  polyester  fabric  stiffened  by  flexible 
spring  steel  battens,  to  minimize  splash-over.  Excellent  buoyancy  and  stability  are  provided  by 
floats  cut  from  solid  blocks  of  flexible  closed-cell  foam.  The  bottom  tension  member  is  con¬ 
structed  of  parallel  Kevlar  fibers  which  give  high  strength  at  a  very  low  weight. 

The  flotation  units,  battens  and  bottom  tension  member  are  coated  with  urethane  elastomer, 
which  gives  the  SEA  FENCE  outstanding  resistance  to  oil,  water,  sunlight  and  abrasion.  The  snag- 
free  design,  with  Its  smooth  seamless  exterior,  allows  easy  cleaning  and  the  large  integrally  cast 
handles  provide  a  sure  grip  for  deployment. 


INTERNATIONAL  INC. 


SPECIFICATIONS 

Inner  Harbor  Boom 

Outer  Harbor  Boom 

U.S.  Units 

Metric  Units 

U.S.  Units 

Metric  Units 

Height  (overall) 

17’/t  in 

445  mm 

28  in 

710  mm 

Freeboard 

7’/4  In 

190  mm 

12  in 

305  mm 

Draft 

10  in 

255  mm 

16  in 

405  mm 

Weight  per  Foot 

2.6  Ibfft 

3.9  kg/m 

4.0  Ib/ft 

6.0  kg/m 

Buoyancy  per  Foot 

7.5  Ib/ft 

11.2  kg/m 

12.7  Ib/ft 

19  kg/m 

Handle  Spacing 

•  66  In 

1.68  m 

47  in 

1.19  m 

Storage  Capacity  of  Reel 

(8  ft  O.D.  x  10  ft  long) 

1000  linear  ft 

305  m 

750  linear  ft 

230  m 

Tensile  Strength  (ult.) 

10,000  lb 

4540  kg 

15,000  lb 

6610  kg 

Section  Length:  50  It.  Colors:  orange  or  black 


Ruggedness,  durability,  easy  cleaning  and  simple  deployment  are  key  features  of  the 
SEA  FENCE  oil  containment  boom.  SEA  FENCE  combines  the  light  weight  and  ease  of 
handling  required  for  quick  response  with  the  toughness  and  stability  of  a  permanent  type 
of  boom. 

Originally  designed  by  Seaward  International  for  the  U.S.  Navy,  the  SEA  FENCE  is 
bottom-tensioned  with  internal  Kevlar  fibers,  providing  full  stability  in  currents  of  two 
knots  and  greater. 

Rapid  deployment  is  made  easy  by  the  SEA  FENCE’S  ability  to  be  stored  on,  and 
deployed  from,  a  reel.  Up  to  1,000  feet  of  the  boom  can  be  stored  on  a  single  reel.  Boom 
handling  is  facilitated  by  the  convenient  and  comfortable  handles  built  into  the  boom. 


VIKOMA 


One  end  of  the  boom  is  connected  within  the 
SEAPACK  hull  to  a  diesel-driven  fan  and 
ducted  propeller  water  pump  which  simult¬ 
aneously  fill  the  air  and  water  tubes. 
Compressed  air  cylinders  are  included  for 
inflating  the  flotation  cuff.  The  hull  has  a 
towing  ring  and  large  inflatable  fender.  No 
crew  is  required  and  no  manual  attention  to 
SEAPACK  is  necessary  after  launching  until 
the  boom  has  to  be  recovered  after  use. 


SEAPACK  is  based  on  a  23  ft  GRP  hull  and 
contains  1600  ft  of  SEABOOM.  The  latter  is 
a  three  tube  fabrication  in  a  special  Butaclor- 
coated  nylon  fabric  which  has  a  high  tear 
strength  and  may  be  readily  repaired  by  un¬ 
skilled  personnel  if  damaged  in  service.  The 
three  tube  configuration  gives  SEABOOM 
effective  draught  and  freeboard  even  under 
severe  sea  conditions,  makes  it  extremely 
flexible  and  manoeuvrable  and  gives  it  good 
wave-following  characteristics.  The  inflation 


cuff  prevents  the  boom  twisting  during  the 
laying  operation  and  aids  recovery  after  use, 


3  IN.  FLOTATION  cuff 


27  IN. 

FREEBOARD 


17  IN. 
DRAUGHT 


Boom  structure 


SEAPACK  is  easily  transportable.  Over 
reasonable  distances  it  may  be  towed  on  its 
own  trailer.  Over  long  distances,  where  speed 
is  important,  it  should  be  carried  on  a  lorry  or 
truck,  on  board  ship,  or  in  a  suitable  transport 
aircraft  such  as  a  Hercules  freighter. 


SEAPACK  being  lowered  into  water  by  its  own  lifting  strops. 


SEAPACK  being  re-packed  after  use. 


SEAPACK  may  be  launched  from  a  slipway  or 
lowered  into  the  water  from  a  crane.  Thereafter 
its  diesel  engine  is  started  and  it  is  towed  to  the 
operation  site.  Fuel  consumption  is  small  and  long 
tows  will  not  restrict  subsequent  operations.  On 
arrival  at  the  scene  of  an  accident,  boom  deployment 
is  initiated  by  launching  a  drogue  (sea  anchor)  which 
is  already  attached  to  the  SEAPACK  hull's  stern. 
SEAPACK  is  then  towed  away  at  3-4  knots  and  its 
1600  ft  of  boom  lays  and  inflates  automatically  in 
only  15  minutes.  Once  this  operation  is  complete, 
the  boom  compartments  will  remain  inflated  even  if 
the  boom  is  subsequently  damaged. 
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Whittaker 
Expandi-OIL  BOOM 

Uninflated  Inflated 

HOW  IT  WORKS 

The  boom  is  self-inflating  and  expands  by  itself  the  moment 
it  is  released.  Made  of  tough,  durable  material,  it  operates  in 
temperature  extremes  from  +74°C.  (+165°F.)  to  subfreez¬ 
ing  exposure  and  is  oil-proof  and  mold-resistant. 

The  boom  has  internal  bonded  pliable  frames  which  are 
pre-sprung  with  rust-proof  springs.  Each  25-meter  boom 
contains  1 8  sections,  with  airtight  spaces  between  sections. 

A  bottom-tensioning  chain  is  used  to  serve  as  ballast.  The 
boom  also  incorporates  anchoring  rings  and  grip  handles 
on  8-meter  intervals. 

The  boom  comes  folded  and  tied  in  25-meter  segments.  To 
cover  large  areas  fast,  multiple  elements  can  be  pre-connect- 
ed  and  packed  for  transport  to  an  oil-threatened  area. 

Segments  are  joined  by  inserting  the  skirt  end  of  one  into 
the  metal  clip  end  of  another  and  sliding  the  two  together ;  ) 

pulling  a  ring  and  a  handle.  The  ballast  chain  is  joined  and 
locked  with  a  simple  slot  key. 


SPECIFICATIONS 


Breaking  strength  of  ballast  chain  (approx.) 
Dimensions . 

Volume  of  boom  element . 

Buoyancy  . 

Weight  per  section . 

Boom  resistance  in  tearing  . . 

Boom  material  weight . 

Freeboard . 

Draft . 

Accessories  . 
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Harbor  Boom 
Model  No.  3000 


Sea  Boom 
Model  No.  4300 


English 


English 


2590  kgf  5700  Ibf.  7500  kgf  16.500  Ibf 

25  meters  Ion;  in  a  82  leet  long  in  a  16.2  meters  long  in  a  50  feet  long  in  a 

package  900mr  x  pac-ape  35  42"  x  package  850mm  x  package  33  46" 

700mm  x  380mm.  27.56  x  14.96".  1050mm  x  300mm.  41.34"  x  11.81". 

■0.25m*  8  8cu.  ft.  0.27m*  9.5  cu.  ft. 

53  kg/linear  meter  36  Ibs./linear  toot  120  kg/linear  meter  83  lbs. /linear  tool 

58  kg  .  127.9  lbs.  80  kg  176  4  lbs. 

.  300kp/5cm  670  lbs./2"  width  4l0kp/5cm  915  lbs.  12"  width 

600  gm/m*  .123  los./ft 1  800  gm/m*  .164  ibs./ft  * 

•  280mm  11.02"  y  450mm  16.02" 

•  470mm  18.50"  650mm  25  50" 

Patch  kits  of  adhesive  and  fabric,  towing  adaptors  for  Model  3000  750mm  (30")  Harbor 
Boom  and  lor  Model  4300  1100mm  (43")  Sea  Boom;  and  magnet  adaptors 


7500  kgf 

15.2  meters  long  in  a 
package  850mm  x 
1050mm  x  300mm. 
0.27m* 

120  kg/linear  meter 
80  kg 

410  kp/5  cm 


16.500  Ibf 
50  feet  long  in  a 
package  33.46"  x 
41.34”  x  11.81". 
9.5  cu.  ft. 

83  Ibs./linear  toot 
1764  lbs. 

915  lbs./2"  width 
.164  ibs./ft  * 
16.02" 

25  50" 


DESCRIPTION 

The  WSL  SPRAY  BOOM  SYSTEM,  developed  by  the  Warren  Spring  Laboratory  of  the  British 
Department  of  Industry,  is  designed  to  apply  dispersant  to  floating  oil  and  to  agitate  the  treated  oil  to 
speed  the  dispersion  of  the  slick.  The  equipment  is  designed  for  installation  on  vessels  of  opportunity,  such 
as  tugs  or  fishing  boats.  It  can  be  rigged  without  welding  or  fitting  and  without  skilled  labor. 

The  dispersant  is  applied  uniformly  over  a  wide  area  by  means  of  spray  booms  rigged  outboard  from 
either  side  of  the  vessel.  A  diesel  driven  pump  transfers  the  dispersant  material,  at  a  rate  of  24  gpm,  from 
storage  tanks  or  drums  to  the  multiple  spray  nozzles  on  each  boom.  "Surface-breaker"  boards  towed 
behind  the  spray  booms  agitate  the  treated  oil,  forcibly  mixing  it  with  the  upper  few  inches  of  sea  water, 
breaking  the  oil  slick  up  into  droplets. 

A  smaller  version,  designed  for  use  on  small  boats,  is  shown  on  the  reverse.  This  equipment  is 
particularly  suited  for  inshore,  shallow  water  use. 
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CLEAN  ATLANTIC  DISPERSANT  SYSTEM 


A  chemical  dispersant  spraying  system  for  use  on  sea-going 

work  boats  has  been  developed.  Using  two  spray  booms,  the  system 

can  spray  a  path  up  to  18.3  m  (60  ft)  wide  at  a  speed  of  8  knots, 

2 

thus  covering  approximately  0.27  km  (67  acres)  per  hour.  The 
design  is  based  on  the  use  of  "self-mix  surfactant."  It  re¬ 
quires  little  mixing  energy  for  effective  dispersion  of  the  oil 
slick.  Three  of  these  systems  have  been  completed  for  Clean 
Atlantic  Associates,  an  oil  spill  clean-up  cooperative. 

The  system  is  made  up  of  an  apparatus  for  deploying  and 
supporting  two  6.1  m  (30  ft)  spray  booms,  a  33.6  kw  (45  hp) 
pump  skid  for  pumping  a  mixture  of  seawater  and  dispersant,  and 
Marine  Portable  1892.5  litre  (500  gal)  tankage  for  storing  the 
dispersant. 

The  spray  apparatus  is  designed  to  be  attached  to  the  bow 

of  the  boat.  This  allows  the  boom  to  spray  the  mixture  of  seawater 

and  dispersant  ahead  of  the  bow  wake.  Subsequent  mixing  energy 

is  provided  by  the  bow  wake.  When  not  using  a  self-mix  dispersant, 

additional  mixing  energy  can  be  provided  by  breaker  boards, 

however,  these  are  not  included  in  this  system. 

Seawater  is  drawn  from  an  overboard  suction  line,  proportioned 

with  the  chemical  dispersant  at  a  typical  ratio  of  33  to  1,  and 

2 

pumped  at  high  pressure,  0.62  to  0.69  N/m  (90  to  100  psi)  , 
through  fan-type  nozzles. 

The  entire  system  is  readily  adaptable  to  various  sizes  and 
shapes  of  vessels,  and  operates  independently  of  the  vessel  to 
which  it  is  mounted. 

Reference:  Allen,  T. E ., "Apparatus  for  Application  of  Chemical  Disper¬ 

sants  in  Open  Sea,"  ASTM  Symposium  on  Chemical  Dispersants 
for  the  Control  of  Oil  Spills,  Williamsburg,  VA. ,  Aug.  1977. 
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DECOKE  B4RGE 


TYPE 

A1 

A2 

D5 

D10 

E 

F 

j 

L 

O 

100%  Capacity  Cu.  metres 

4-6 

9 

23 

45 

100 

190 

367 

521 

1  100 

100%  Capacity  Imp.  Gallons 

1  000 

2  000 

5  000 

10  000 

22  000 

42  000 

81  000 

114  000 

242  000 

100%  Capacity  Litres 

4  545 

9  090 

22  730 

45  450 

100  010 

190  930 

368  225 

518  240 

100%  Capacity  U.S.  Gallons 

1  200 

2400 

6  000 

12  000 

26  400 

50  400 

97  200 

136  800 

290  400 

100%  Capacity  Barrels 

28 

56 

142 

285 

1  200 

2  314 

3  257 

6  914 

Length  Metres 

8 

14 

15 

31 

38 

50 

68 

67 

91 

Diameter  Metres 

0  94 

0-94 

1-42 

1-42 

1-88 

2-30 

2  75 

3-20 

4  30 

Empty  Weight  kg. 

203 

300 

390 

743 

1  000 

2  275 

3  536 

4  065 

4  318 

Draught 

Fully  loaded 
in  sea  water 

Metres 

Cargo  S.G. 

0-7 

0  60 

0-60 

0  85 

0  85 

1  •  14 

1-42 

V50 

1  58 

2  25 

0-8 

0  68 

0  68 

0  95 

0-95 

1-27 

MEM 

1-80 

1-98 

2-54 

0-9 

0  78 

0-78 

M3 

M3 

1-52 

1-70 

2-10 

2  25 

2  87 

10 

0-90 

1-32 

1  32 

1-70 

1-95 

KOI 

2-60 

3  70 

Towing  hose  bore  mm. 

!  50 

50 

50 

100 

100 

100 

100 

100 

100 

Drag  kg. 
fully  laden 
in  sea  water 

Speed 

4  Knots 

150 

157 

180 

189 

300 

481 

558 

1  188 

2  132 

6  Knots 

260 

•273 

450 

472 

700 

1  118 

1  338 

2  614 

8  Knots 

396 

415 

960 

975 

MEM 

2  495 

4  700 

— 

10  Knots 

574 

602 

1  450 

1  487 

2  300 

4  241 

- 

- 
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